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A TRIBUTE TO DR. RUDOLPH MATAS* 


EMILE HouMAN, M.D., SAN FRANCISCO, CALIF. 


HIS is for me a moment of great emotional exhilaration, equaled only by 

the pleasure that overwhelmed me when first notified of the generous ap- 
praisal of your committee. I am deeply and humbly grateful for the privilege 
and honor of being included in the company of the former distinguished 
recipients of the Matas Medal. As an admiring disciple of Dr. Matas, I should 
like to pay my sincere homage to The Master. Revered, respected, and many 
times honored by his fellow men, both here and abroad, he has long been the 
inspiration of the young ‘‘aspirant’’ in surgery. It is unnecessary to enumerate 
for this audience his many contributions to the surgery of blood vessels, his 
unique triumphs in the cure of aneurysms by his own original technique,’ his 
successful ligation of the abdominal aorta,’ his clear descriptions of the remark- 
able characteristics of an arteriovenous fistula,’ and the many fundamental 
principles* stressed by him which form the basis for the modern approach to 
injuries of the blood vessels, the most notable being his introduction and use 


of the running suture instead of the ligature. 

Not so widely known is his early recognition of the value of intratracheal 
and intrapharyngeal anesthesia during operations upon the open thorax. <A 
short time ago, curiosity and interest impelled me to look up the history of foreed 
pulmonary ventilation in the presence of the open thorax. I was pleasantly 
astonished to find that in 1900 Dr. Matas had presented a complete and 
scholarly review’ of the development of intrapharyngeal insufflation of the lung, 
that he had improved previous methods by demonstrating that aspiration of air 
from the lungs was unnecessary and that one could rely on the natural elastic 
recoil of tissues to expel air from the lungs, that he had insisted upon a large 
tube for the free and unobstructed automatic expulsion of the expired air, that 
he had introduced a cannula into the tube for the administration of ether, that 
he had added a mercurial manometer to gauge accurately the amount of pressure 
required to inflate the lungs, and that he had developed the Matas-Smyth pump 
for artificial respiration in surgical and medical practice! This was truly 
phenomenal anticipation of subsequent events! Even up to 1920, the mortality 
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rate of pneumonectomy and lobectomy approached 50 per cent, due in large 
measure to imperfect and improper anesthesia. In 1929, Harold Brunn® revived 
our faith in pulmonary resection by reporting five successful lobectomies in six 
attempts, performed under local anesthesia. Very soon thereafter, thoracie 
surgeons and anesthetists began applying methods of intratracheal anesthesia 
known and used by Dr. Matas thirty years previously. There followed im- 
mediately a remarkable extension of the field of thoracic surgery, thus fulfilling 
an early prediction by Dr. Matas that only through the development of forced 
pulmonary ventilation made necessary by the opened thorax could advances in 
intrathoracic surgery become possible. It is a curious and discouraging fact 
that fundamental concepts so often fail to receive general acceptance until long 
after the first successful demonstration of their usefulness and applicability. 

Although not generally known, it was Dr. Matas’ who deeades ago, one 
might almost be tempted to say several quarter centuries ago, anticipated all 
this present agitation about water and electrolyte balance by his use of the 
intravenous drip of saline and glucose solution as early as the year 1881! In 
1924 he sagaciously advised the use of the intravenous drip in conjunction with 
continuous gastric suction through an inlying stomach tube,* another important 
surgical adjunct early advocated by him. 

Dr. Matas, we salute you as a distinguished pioneer in many domains, as a 
brilliant innovator, as an incomparable artist in the use of the English language, 
both literary and scientific, as a lifelong inspiration to the younger surgeons 
about you, and as a master among men. 

We, of the present generation of surgeons, have been fortunate indeed to 
have been your contemporaries, to have known the warmth of your friendship 
and the inspiration of vour illuminating contributions. In the history of surgery 
your light ean never be extinguished. Miraculously, also, you seem to have 
completely solved the problem of perpetual youthfulness of the mind. We admire 
you and envy you! 
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“ON CIRCUMSCRIBED DILATION OF AN ARTERY IMMEDIATELY 
DISTAL TO A PARTIALLY OCCLUDING BAND”: 
POSTSTENOTIC DILATATION 


Houtman, M.D., SAN FrRANcisco, CALIF, 


(From the Laboratory for Surgical Research, Stanford University School of Medicine) 


N AN article titled similarly to this article, Dr. William 8. Halsted’ in 1916 
presented a scholarly review of 716 cases of cervical rib, 65.3 per cent of 
which were associated with nerve symptoms only, 29.4 per cent with nerve and 
vascular symptoms, and 5.3 per cent with vascular symptoms only. 
‘*We have reports of 125 cases of cervical rib in which vascular symptoms 
were noted. In 27 of these (21.6 per cent) an enlargement, fusiform, aneurysmal, 


or cylindrical, was observed and of these, in the majority, the disturbance of circu- 
lation was severe, six cases having gangrene of fingers on the affected side.’’ 


Dr. Halsted’s alert and inquisitive mind was greatly intrigued by this 
obscure aneurysmal dilatation of the subelavian artery beyond its compression 
in the angle between the secalenus anticus musele and the congenitally abnormal 
cervical rib to which it is attached (Fig. 1). For a time his interest was almost 
completely absorbed in seeking an explanation for this phenomenon. He also 
placed on reeord a strikingly unique example, possibly the only one ever noted, 
of aequired poststenotie dilatation? : 

‘*In the human subject I have in one instance observed a remarkable dilation 

of an artery distal to a partially occluding band [Fig. 2]. In this case an aluminum 

band was applied to the innominate artery for cure of a subclavian aneurysm. A 

few weeks later, the aneurysm being uninfluenced by this procedure, the subclavian 

artery was ligated both proximal and distal to the sac, and a cure effected. Three 

years later a quite cylindrical dilation of the right common carotid was observed ; 

and now, twelve years after the application of the band, the common carotid artery 

is strikingly dilated throughout its entire length. The band on the innominate 


can be palpated; the blood is coursing through it, and distal to the band is a 
distinet bruit.” [My italies. | 


Dr. Halsted and Mont Reid, the first surgeon to be signally honored by the 
award of the Matas Medal, performed many careful experiments to reproduce 
this posteonstriction dilatation by partial ligation of the terminal aorta in adult 
dogs. They were rewarded by the development of mild poststenotie dilatation 
in seven of thirty attempts. Halsted concluded that ‘‘the dilation of an artery 
produced experimentally is not due to any of the three factors proposed as 
causal for the aneurysm in cases of cervical rib,’’ namely, (a) vasomotor pa- 
ralysis, (b) trauma, and (¢) ineonstant blood pressure (that is, varying with 
movements of the arm). But, he added: ‘‘It is not denied that the paralysis 
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of the vasomotor nerves and the occlusion of the vasa vasorum may possibly play 
He further suggested that ‘‘the abnormal 


some part in the manifestation. 
whirlpool-like play of the blood in the relatively dead pocket just below | distal 
to] the site of the constriction, and the lowered pulse pressure, may be the chief 
factors concerned in the production of the dilation.”’ 


P Fig. 1.—Mild poststenotic dilation of right and left subclavian arteries due to compres- 
sion between scalenus anticus muscle and cervical rib to which it is attached. (Case of Dr. 
A. A. Law, Journal-Lancet, Minneap. 34: 333, 1914.) 


The most lucid description of the exact character of this poststenotic dila- 
tation as observed at necropsy is contained in a report by Alfred Poland,’ an 
English surgeon, which was published in 1869: 


“J.N.: aet 55, a laborer in a brass-foundry, was admitted in May, 1856, on 
account of an attack of inflammation which had involved all the structures of his 
left eye. While the patient was undergoing palliative treatment, it was observed 
that he had a pulsating swelling in the supra-elavicular region of the left side. 
When asked about the swelling he stated that a few weeks before his admission 
he, for the first time, noticed a ‘beating’ above the center of the left collar bone, 
but as there was no swelling and no pain he quite disregarded it. In the left 
supraclavicular space there projected a pulsating tumor; it was not very prominent, 
and was of an ovoid shape and transverse in direction; it became more manifest 
when the shoulder was depressed, Behind and to the inner side of this swelling a 
hard prominence could be felt, either arising from a malformation of the first 
rib, or perhaps from some prolongation of the transverse process of a cervical 
vertebra. The lesion in this case was a fusiform dilatation of the left subclavian 
artery as it passed through its third stage. 

“Post-mortem examination (three vears later): Fusiform dilatation of the 
left subclavian artery. This dilatation occupied the vessel for the length of three 
inches of its course; the increase in the caliber of the vessel commenced at a point 
about half an inch external to the outer margin of the sealenus anticus, and gradu- 
ally the dilatation became greater for two inches and a half. The tube became 
somewhat diminished in size as it entered within the boundaries of the axillary 
region, but it was not reduced to its normal dimensions until the artery became 
brachial. The lining membrane, as well as the middle and external coats of that 
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portion of the artery affected by the swelling were perfectly healthy. These tunics 

did not appear to be atrophied or hypertrophied; neither did the dilated portion of 

the vessel in any part of its course contain coagula. 

‘‘Certainly there was no atheromatous degeneration of the internal coat, nor 
any thickening of either the middle or external coat, and the circumstance of the 
dilatation not having undergone any increase while under observation for three 
years would seem to imply that the peculiar lesion consisted in a fusiform dilata- 
tion, unaccompanied with any special weakening of any of the three tunics, or with 
any rupture whatsoever... . The bony growth or prominence was conjectured 
to be either an arrest of development of the first rib, or an extension of the trans- 


verse process of the last cervical vertebra.” [My italies. | 


This deseription of poststenotic dilatation as a fusiform enlargement with- 
out abnormality or disease of the vessel wall conforms in all respects to the 
other frequently observed examples of this phenomenon: the marked dilatation 
of the ascending aorta found beyond a subaortie stenosis (Fig. 3), the remark- 
able aneurysmal expansion of the pulmonary artery just beyond a stenosis of 
the pulmonie valve (Fig. +), and the fusiform dilatation of the thoracie aorta 
beyond a coaretation (Fig. 5), all of which are congenital malformations. 


> 
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Fig. 2.—Halsted’s case of acquired poststenotic dilatation of right common carotid artery 
following partial stenosis of innominate artery by metal band for aneurysm of the subclavian 
artery (a). Aneurysm subsequently cured by ligation of subclavian artery proximal and distal 
to aneurysm. During twelve and one-half years of observation, the dilatation of the carotid 
beyond the stenosing band gradually became more pronounced (Db). 


That it can be reproduced almost at will experimentally has been demon- 
strated in our laboratory. Gerbode* produced coarctation of the thoracie aorta 
in 8- to 12-day-old puppies by a ligature so placed about the aorta that it did 
not constrict the lumen, but sharply limited the vessel to its primitive narrow 
diameter as the rest of the puppy grew to maturity, a method previously em- 
ployed in a study of hemicardiae hypertrophy.” When these puppies were 
killed one and two years later, dilatation beyond the stenosis was invariably 
present (Figs. 6 and 7). 
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In the course of studies in our laboratory to develop the technique of unit- 
ing disparate ends, the following experiments yielded typical poststenotie 
dilatation beyond the end-to-end union of the small subelavian artery and the 
large thoracie aorta (Fig. 8): 


Fig. 3.—In a patient aged 43, known to have had a faulty heart since infancy, roent 


genograms and kymograms showed a markedly dilated ascending aorta, which was attributed 
to a congenital subaortic stenosis with poststenotic dilatation. \ diagnosis of syphilitic 


aneurysm had been made previously. 


A. B 


Fig. 4.—Roentgenograms and angiograms in a patient aged 6 showed marked promi- 
nence of the pulmonary artery. At operation a congenital stenosis of the pulmonary valve 
was found with marked poststenotic dilatation. A, Aug. 1, 1951; B, March 19, 1953. 
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Fig. 5.—Aortograms of a 3-month-old child revealed a congenital coarctation with marked 
postconstriction dilatation of the aorta. 


Fig. 6.—Post-mortem injection of vascular bed with 17 per cent bismuth oxychloride in 
a 20-month-old puppy showed marked dilatation of aorta beyond an experimentally produced 
coarctation (Pup A-6). (See Fig. 7.) 
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MEASUREMENT OF 0.D. 
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mm. 


Ts 185mm. !6 mm. 


mm. 145mm 
| mm. 13 mm 


PRESSURE READINGS — mm. of Hg. 
Position “i 


2cm above Coarctation 200/140 230/160 
3cm below - 130/120 60 
Left Femoral Artery 130/110 60 


Fig. 7.—Conditions present in experimentally produced coarctation (Animal 6-A) accompanied 
by definite posteonstriction dilatation (see Fig. 6). 


L. a. 


Fig. 8.—Experimentally the small subclavian artery may be joined to the large distal end of 
divided aorta by the V-plasty technique. (See Fig. 9.) 


Fig. 9.—In the anastomosis of disparate ends, the posterior third of the smaller vessel is 
united with an equal posterior part of the larger vessel (a). A longitudinal incision is then 
made in the center of the anterior two-thirds of the smaller vessel of sufficient length to per- 
mit accurate union of the smaller vessel to the remaining circumference of the larger vessel 
(b, c, d, e, f). This provides a circumference at site of the anastomosis greater than the 
circumference of the smaller vessel, and should prevent stenosis, 
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Experiment A.—A_ 2-week-old puppy, A, was operated upon, having been 

cooled to a temperature of 26° C. in order better to endure complete closure of the 
thoracic aorta for about twenty minutes. The aorta just beyond the left sub- 
clavian artery was divided and its central end permanently ligated. The left sub- 
clavian artery having been divided just proximal to its first branch, the central 
end, 4 mm. in diameter, was united to the distal aorta, 8 mm. in diameter, by 
employing the V-plasty technique (Fig. 9). At necropsy twenty-four days later, 
a definite dilatation maximum 1 em. beyond the anastomosis was revealed. The 
diameter of the aorta at the point of maximum dilatation was 12 mm. Four centi- 
meters distal to the anastomosis, the aorta returned to its normal diameter of 9 
mm, The prompt appearance of poststenotic dilatation within a short period of 
twenty-four days after operation is significant. 


Fig. 10.—Dilatation may also occur distal to an anastomosis of a small-bored vessel to 
a vessel of larger diameter: (a) Two and one-half months after anastomosis between small 
subclavian artery and large distal aorta. (See Fig. 8.)  (b) Four and one-half months after 
anastomosis. 


Erperiment B.—A littermate of Puppy A was also operated upon at 2 weeks 
of age, and the left subclavian artery (4 mm. in diameter) was joined to the distal 
aorta (S mm. in diameter) using the V-plasty technique. Within ten weeks, 
marked poststenotic dilatation was demonstrated by an aortogram (Fig. 10, a), 
and at necropsy four and one-half months after operation, definite dilatation was 
noted both by aortogram (Fig. 10, b) and by post-mortem injection. The follow- 
ing measurements at necropsy confirm the presence of marked poststenotie dilata- 
tion: 

Internal circumference of proximal left subclavian artery: 15 mm. 

Internal circumference at site of anastomosis: 12 mm, 

Internal cireumforence of aorta at site of maximum poststenotie dilatation 
(1.8 em. beyond anastomosis): 40 mm, 

Internal circumference of normal aorta (5 em. beyond anastomosis): 20 mm. 


Length of poststenotic dilatation: 3.5 em. 


Studies were also undertaken to reproduce artificially as accurately as possi- 
ble the mechanical conditions prevailing in the circulatory system (Fig. 11). 
The pump employed was made by Palmer of London, driven by a variable speed, 
110-volt, D.-C. motor, at a rate modified by a gear reductor to provide 84 to 120 
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pulsations per minute. Between two points in the rigid tubing which con. 
stituted the conduits of the system was interposed a segment of thin trans. 
parent elastic rubber tubing having a diameter of 1.5 em. The pressure in the 
system varied directly according to the volume of circulating water, whieh 
ordinarily was about 200 c¢.e. 


To Strein Gauge Afanometer 


Fig. 11.—Schematic drawing of pump and conduits simulating the circulation with a 
segment of elastic rubber tubing introduced into system with constrictions at X and Y; 
capacity of system about 200 c.c. water. 


The various components of the artificial eireulation having been assembled, 
the pump was started. Imagine our excitement when we saw a typically taper- 
ing poststenotie dilatation immediately beyond the site where water from the 
small-bored rigid tubing, whose inside lumen measured 6 mm. in diameter, 
entered the segment of elastic rubber tubing with a diameter of 1.6 em., con- 
ditions comparable to those present beyond an abrupt stenosis. Second and 
third sites of constriction were produced by partial ligation of the elastic tubing 
at two points separated by about 20 em. (Fig. 12). Mild dilatation oceurred 
beyond the second constriction, but none occurred beyond the third constriction. 
However, when the dilatation beyond X in Segment A was prevented by ex- 
ternal compression, the dilatation beyond Y in Segment B was promptly in- 
creased, and slight dilatation appeared beyond Z in Segment C. When dilatation 
in both Segments A and B was prevented by external pressure, marked dila- 
tation occurred in Segment C, maximum 2 em. beyond the constriction at Z. 
Release of external compression of A and B caused the dilatation to disappear 
from Segments B and C and to reappear in Segment A beyond Constriction X. 

The following explanation for this phenomenon was postulated: The 
marked dilatation in Segment A was due to the ejection of fluid through Con- 
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striction X under high pressure and high velocity; the mildness of the dilata- 
tion beyond Constriction Y was due to a lessened pressure; and absence of 
dilatation beyond Constriction Z was attributed to still further reduction in 
pressure. Prevention of dilatation in Segments A and B by external pressure 
just sufficient to restore the tubing to its normal caliber resulted in maintaining 
the high pressure of flow up to the constriction at Z, thus forcing fluid at high 
pressure and high velocity through the narrowed lumen at Z with production 
of typical poststenotie dilatation. 


Fig. 12.—Conditions present in an artificial circulation containing a segment of elastic 
rubber tubing: Poststenotic dilatation in Segment A beyond Constriction X can be shifted to 
Segment B beyond Constriction Y by external compression of Segment A. Similarly, dilata- 
tion in Segments A’ and B’ can be shifted to Segment C’ by external compression of A’ and 
RB’ (see text for explanation). 


It was noted that when pressure in the system was reduced promptly, the 
dilated tubing would promptly revert to its normal diameter. If, however, 
the poststenotie dilatation was maintained by continuous pumping for several 
hours, reduction in pressure was not followed by complete reversion to a normal 
caliber. The tubing remained permanently slightly dilated, and thereafter 
marked dilatation beyond X was easily produced at lower pressures, indicating 
the early development of what the hydraulie engineer calls ‘‘structural fatigue.’’ 
One may infer that once poststenotie dilatation has been established, it will 
probably remain permanently present, despite changing conditions at the site 
of constriction, such as complete closure or almost complete closure of the 
stenosis with reduction in blood flow through it. For example, coarctation 
of the aorta has frequently been found at operation to have undergone complete 
closure, or to admit only.a 1 mm. probe, but dilatation beyond the coarctation 
remains as evidence of a previously vigorous flow through a once larger lumen 
at the site of constriction. 

Additional studies were made of the effect upon poststenotie dilatation of 
pressure alterations in the system by adding or withdrawing circulating fluid, 
and of the effect of varying the velocity of flow by reducing or increasing the 
output per stroke of the pump (Tables I and IT). 

In another experiment the volume of circulating fluid was increased suffi- 
ciently to produce a mild poststenotie dilatation. The stroke output was then 
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gradually reduced from 9.8 ¢.c. to 7.2 ©. at which point the poststenotie 
dilatation disappeared ; that is, when the systolic velocity of flow was reduced, 
the dilatation disappeared. Restoring the stroke output to 9.8 ¢.¢. caused the 
poststenotie dilatation to recur. 


TABLE I. EXPERIMENT I 


STROKE _| DIAMETER OF MAXIMUM 
PRESSURE | OUTPUT POSTSTENOTIC DILATATION 
IN SYSTEM RATE (C.C.) (CM.) 
185/65 S4 1.6 0 
Circulating fluid increased by 15 e¢.e. 
215/200 S4 1.6 2.5 
Stroke output increased to 5.7 c.e. 
210/125 S4 5.7 3 
Circulating fluid reduced by 15 c.e. 
210/55 S4 5.7 0 
Circulating fluid again increased by 15 e¢.c. 
210/130 S4 5.7 3 
Stroke output reduced to 1.6 e.c. 
210/65 S4 1.6 0 


Diameter of elastic tubing 0.8 em. 
Capacity of circulatory system 200 c.c. 


TABLE IIL. EXPERIMENT II 


| _STROKE DIAMETER OF MAXIMUM LENGTH OF 
PRESSURE OUTPUT POSTSTENOTIC DILATATION POSTSTENOTIC DILATATION 
IN SYSTEM RATE (CM. ) (CM. ) 
1200/70 2.0 1 


S c.c. water added to system 


125/80 96 5.7 2.8 ° 
Stroke output increased to e.e. 

160/80 96 9.8 3.0 
Stroke output reduced to 5.7 ce. 

125/80 96 5.7 2.5 2.5 
8 e.c. water added to system 

125/75 96 5.7 3.2 3.5 
Stroke output inereased to 9.8 c¢.c. 

145/60 96 9.8 3.4 3.5 


Diameter of elastic tubing 1.5 em. 
Diameter of lumen of rigid tubing 6 mm. 


These observations indicate that increasing the pressure in the system by 
addition of even a small volume of water caused the prompt appearance of 
poststenotie dilatation. Inereasing the stroke output and therefore the velocity 
with which water was ejected from the stenosis also caused prompt increase in 
the degree of poststenotie dilatation. Reducing the output per stroke was fol- 
lowed by disappearance of the dilatation. 

The following experiment was particularly illuminating: Into the artificial 
circulatory system was inserted a segment of elastic tubing 90 em. long and 
1.8 em. in diameter (Fig. 13). Twenty-five centimeters beyond the ejection 
of fluid from the rigid tubing, with a lumen of 0.6 em., into the elastie tubing, 
with a lumen of 1.8 em., a second site of stenosis was produced by a partial 
ligature which reduced the diameter of the tubing to about 0.75 em. Enough 
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water was introduced into the system to distend the elastic tubing to a normal 
and uniform diameter throughout, without bulging at any point. The pump 
was set at 84 pulsations per minute with an output per stroke of 9.8 e.e. 


90 


25 


Flow 


Fig. 13.—A, A 90 cm. long segment of rubber tubing, 1.8 cm. in diameter, with two points 
of constriction, was subjected to twenty-one hours of continuous pumping, at which time mild 
dilatation appeared beyond both constrictions. After eleven more hours of continuous pump- 
ing, during which time there was no change in the mild dilatation; the tubing suddenly bal- 
looned out beyond the first constriction to a diameter of 5 cm. over an area about 7 cm. long. 
This alteration was permanent and represents maximum structural fatigue at site of greatest 
stress and stain. B, Photograph of permanent balloonlike dilatation beyond first constriction. 


After about twenty-one hours of continuous pumping without the slightest 
evidence of dilatation, there appeared a mild but definite dilatation beyond the 
first constriction, as well as a slight dilatation beyond the seeond constriction. 
At this time the pulsations were increased to 120 per minute. Ten more hours 
of continuous pumping produced no significant change in the mild dilatation 
heyond both sites of constriction. Suddenly, however, after about thirty-one 
hours of pumping and after about eleven hours of mild dilatation, there oe- 
curred a great ballooning out of the tubing just beyond the first constriction 
(Fig. 13, b). An outside diameter of 2.0 em. was suddenly inereased to 5 em., 
and the poststenotic dilatation was now 7 em. long. Moreover, the dilatation 
was now permanent, whether the pump worked or not. Beeause of structural 
fatigue, the elastic tubing had finally yielded to the play of hydraulic pressures 
beyond the stenosis. Previously the mild dilatation had promptly subsided 
With the appearance of the balloonlike dilatation 


when the pumping ceased. 
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beyond the first constriction, the very mild dilatation beyond the second eon- 
striction disappeared completely because of the dissipation of pressure and 
pooling of fluid from the rest of the system in this excessively dilated area. 

This experiment provided a completely convincing demonstration that the 
play of hydraulie forees against the elastic wall just beyond a stenosis will, 
if given sufficient time, produce structural fatigue in a limited area with resulting 
poststenotie dilatation. 

These various observations of the effects of a stenosis in the artificial cireula- 
tory system also demonstrated conclusively that poststenotic dilatation varies 
in degree with the pressure and velocity with which fluid is ejected from the 
stenotie channel. Moreover, there appear to be critical levels of pressure and 
of velocity below which poststenotic dilatation will not occur. 

Dye Injection Studies —On injecting a concentrated purple dye (meth- 
vlene blue) into the lumen beyond the constriction, the dye promptly disap- 
peared, without delay, into the fast-flowing distal stream. However, when the 
dye was injected proximal to the stenosis, there was noted just distal to the 
constriction a definite delay in its progress downstream (Fig. 14). It appeared 
to be involved in turbulent eddies before it hesitatingly resumed its forward 
flow. It was seen to reverse its direction and to flow backward momentarily 
toward the stenosis. The site of delay was identical with the site of greatest 
dilatation, as well as with the location of greatest palpable thrill and audible 
bruit. These observations were made repeatedly. 


Jiyection of Dye 
Fig. 14.—When dye is injected proximal to a constriction, remarkable eddies of turbulent 
and reversed flow are noted just distal to the stenosis where the rapidly ejected stream strikes 


the more slowly flowing distal stream, and where high kinetic energy is transformed into high 
potential energy or lateral pressure. 


In reviewing the evidence with due regard to certain principles of hy- 
draulies, as emphasized by Professor John K. Vennard® of the Department of 
Civil Engineering at Stanford University, certain causes and effects were postu- 
lated as operating beyond a narrow stenosis in a large primary vessel trans- 
porting blood under relatively high pressure and high velocity. However, at the 
beginning of any discussion on rheology, the science of flow and elasticity, it 
must be recognized that in the human body the complexities of circulation are 
multiplied many, many fold when compared with the flow of fluid through a 
rigid system of cast iron pipes having as its source of propulsive energy a 
constant head of pressure such as water in a tank! The factors that complicate 
the problem in human circulation are legion. 


First of all, the source of energy is a highly sensitive and unusually complex 
pump, of quite supernatural qualities, whose two compartments of unequally 
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developed musculature are capable of forcing fluid simultaneously in approxi- 
mately equal quantities through two systems of markedly different peripheral 
resistances: whose rate of contraction varies from 40 to 200 per minute de- 
pending upon activity and emotional influences; whose output may vary from 
5 to 20 L. per minute, depending upon muscular activity; whose vigor of con- 
traction is sensitively attuned to variations in resistance and capacity of the 
distal capillary bed, depending upon peripheral vasoconstriction or vasodilata- 
tion; whose efficiency is dependent upon the volume of circulating blood, its 
viscosity, and its oxygen saturation, all of which may vary from moment to 
moment, depending upon segregation of varying amounts of blood in stagnant 
localities in the body such as the lung, the spleen, and the splanchnic area ; whose 
mechanical effectiveness may be marred by congenital abnormalities or develop- 
mental variations in structure or shape, not to mention the innumerable influ- 
ences imposed by disease. 

Second, this pulsatile flow of blood is directed into a system of highly 
elastic tubes, whose elasticity diminishes as the diameter of the tube decreases, 
these tubes being subjected not only to the rapid alterations in caliber imposed 
by systole and diastole, but also to a progressive diminution in size by branching 
rapidly into a vast network of smaller and smaller arteries, arterioles, and 
capillaries, whose ultimate cross section is estimated to be about 1,500 square 
centimeters, or 500 times greater than the 3 square centimeter cross section of 
the aorta as it emerges from the heart; whose caliber, capacity, and resistance 
undergo frequent alterations through vasoconstriction and vasodilatation, which 
in turn are intimately dependent upon activity and emotional influences. The 
flow through this system of conduits has a variable and gradually diminishing 
velocity that ranges from 20 to 30 em. per second as it emerges from the heart, 
to 4+ mm. per second in the capillary bed. 

Third, the character of the circulating medium is absolutely unique in the 
physical world, acting as a fluid in the larger vessels, as a pseudoplastie in the 
precapillary bed, and finally as a solid when red corpuscles are foreed through 
capillaries no larger than their own diameter; a circulating fluid composed of 
a suspension of solid particles in a slightly viscid fluid, the proportion of one 
to the other varying with conditions of rest, activity, or nutrition; the flow of 
this fluid occurring in layers of increasing density from periphery to the center 
of the stream, and subject to the laws of linear flow as influenced by velocity, 
density, viscosity of the blood, and by the diameter of the vessels, all of which 
may differ from moment to moment, and from area to area. 

Moreover, the flow of this fluid is full cirele from heart back to heart, 
strongly pulsatile at the beginning of the cycle, but quite steady and constant 
as it reaches the site of re-entry to the heart, influenced in its return flow by 
gravity, by muscular contractions, and by the negative pressure of the thorax 
which varies greatly with inspiration and expiration. 

Despite these innumerable, exceedingly variable, and complex character- 
isties, certain laws of hydraulies are operative beyond an abrupt stenosis, or 
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beyond a sudden widening of the stream diameter during the rapidly repeated 
and inexorably recurring cycles of systole and diastole. 

During diastole there occurs normally a momentary retardation in flow 
which is markedly accentuated just beyond a stenosis. During systole there 
emerges from the narrow stenotic channel a stream of blood at a greatly increased 
velocity as compared with the velocity in the broader channel either proximal 
or distal to the stenosis. Mathematically, the velocity of flow is inversely pro- 
portional to the square of the radius. Obviously, if a tube 18 mm. in diameter 
is suddenly reduced to a diameter of 6 mm., the velocity through the constriction 
is increased nine times. Conversely if a tube 6 mm. in diameter is suddenly 
increased to 18 mm., the velocity will be reduced to one-ninth its previous rate. 
The rapidly ejected stream runs head on, as it were, into the more slowly 
flowing poststenotie stream, resulting in a sudden retardation in its forward 
flow. High kinetie energy is suddenly converted into high potential energy or 
lateral pressure. Moreover, the sudden arrest of the rapid stream produces 
eddies of turbulent and reversed flow, which strike the restraining but elastie 
vessel wall with alternating high and low pressure waves causing the wall to 
vibrate, these vibrations being recognizable as a palpable thrill and an audible 
bruit. The location of maximum clash of streams and the site of conversion of 
high kinetie energy into high lateral pressure, and therefore also the zone of 
greatest turbulence, lies about 1 to 3 em. beyond the constriction, depending 
upon the caliber of the conduit, and upon the pressure and velocity of flow. 
At this point, also, the maximum dilatation oceurs. Beyond this zone, the stream 
gradually loses its eddies and turbulence, the elastic vessel wall is subjected to 
less lateral pressure, and dilatation disappears. 

A factor important to the hydraulic expert is the consideration that the 
impacts or shocks of increased pressure are unevenly distributed in the zone of 
turbulent or eddied flow, producing points or minute areas of high local stress in 
the limiting vessel wall, which result promptly, or gradually, depending upon 
the velocity of flow and pressure in the system, in ‘‘structural fatigue’’ and ina 
thinning or distention of the wall at these points of impact. As these points of 
shock or stress vary in position from moment to moment and are diffusely dis- 
tributed in diminishing vigor throughout the zone of increased lateral pressure, 
the sites of structural fatigue are correspondingly diffusely distributed in 
diminishing severity, resulting in a tapering dilatation of the vessel wall. 

The absence of dilatation proximal to the constriction is dependent upon 
the concept that the pressure here is evenly and uniformly distributed against 
the limiting vessel wall, that the flow proximal to the stenosis is at a uniformly 
pulsating velocity, unaccompanied by any retardation in forward flow and 
therefore without conversion of high kinetic energy into increased potential 
energy or lateral pressure. The general pressure is actually higher proximal 
to the stenosis as compared with the pressure distal to it (Fig. 15), but it is a 
relatively uniform level of pressure unaccompanied by the rapid variations that 
occur distal to the stenosis because of turbulence of flow. 
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Certain clinical observations confirm the great importance of the height of 
pressure and velocity of flow in the development of poststenotie dilatation (Fig. 
16). It occurs most prominently in the ascending aorta beyond a subaortie 
stenosis since the left ventricle ejects blood under maximum pressure, at maxi- 
mum velocity, and in maximum mass. It is almost equally prominent beyond a 
stenosis of the pulmonic valve since the hypertrophied right ventricle ejects an 
equal mass of blood under high pressure and at high velocity. It is less 
prominent beyond a coarctation of the aorta since the pulsatile pressure here is 
less than in the ascending aorta, and the volume of blood and the velocity of 
flow have been reduced by the escape of blood through the large branches of 
the aortic arch. Its moderate development in the subelavian artery beyond a 
cervical rib is related to the reduced pressure in this smaller vessel with 
lessened peripheral resistance beyond it. Its complete absence beyond vessels 
of smaller caliber is also related to the lower pressure and lower velocity, as 
one approaches the periphery. Such observations link the occurrenee and 
degree of dilatation very definitely with the height of systolic pressure with 
which blood is thrust against the constriction, which in turn determines the 
velocity of flow with which blood is ejected from the short stenotic channel. The 
greater this velocity, the more distantly distributed are the impacts of the 
swiftly flowing stream against the momentarily inert distal stream and, therefore, 
the more distantly effective are the shocks of altered lateral pressure against 
the vessel wall, resulting in a greater degree and length of dilatation. 


EXPERIMENT A — June 19,1953 
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Fig. 15.—General pressure beyond a constriction which reduces the diameter of the 
vessel by two-thirds is lower than the pressure proximal to the constriction, but the abnormal 
play of pressures just beyond the stenosis due to conversion of high kinetic energy into 
potential energy or lateral pressure leads to hydraulic stresses and strains which eventually 
produce postconstriction dilatation. 


In analyzing what occurs distal to a stenosis, it appears that there are two 
factors operating here to produce greater dilatation of the vessel: The first 
factor is the sudden conversion of high kinetie energy into high potential energy 
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Fig. 16.—Types of poststenotic dilatation. Poststenotic dilatation is most pronounced 
beyond a subaortic stenosis, equally prominent beyond a pulmonic stenosis, less developed be- 
yond a coarctation of the aorta, mildly present distal to compression of the subclavian artery 
between the scalenus anticus and its attachment to a cervical rib, occasionally present in the 
small ampulla between an infundibular stenosis and the pulmonary artery. On rare occasions 
it occurs distal to a partially occluding band applied to one of the large arteries such as the 
innominate artery. The degree of poststenotic dilatation is intimately dependent upon height 
of pressure and upon velocity of flow. 
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Fig. 17.—Certain conditions prevent dilatation beyond a stenosis: (a) an interventricular 
septal defect and an overriding aorta provide diversion of blood away from the pulmonary 
artery, thus diminishing pressure and velocity of flow through the accompanying infundibular 
stenosis (tetralogy of Fallot); (b) a large subclavian artery may divert a large volume of 
blood away from a coarctation, thus preventing dilatation beyond the coarctation: (¢) an 
open ductus proximal to a coarctation may effectively divert sufficient blood away from a 
coarctation to prevent dilatation beyond the coarctation. 
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or lateral pressure. The second factor is the lowered velocity due to the widen- 
ing of the stream diameter produced by the first factor. Since lateral pressure 
increases as velocity decreases (the Bernoulli principle), this lowered velocity 
will in itself increase lateral pressure. Since the first factor is a constantly 
recurring stimulus, inciting greater dilatation with each systole, it sets the stage, 
as it were, for the second factor to act, also in repetitive manner. The result 
of these two influences is a vicious cirele: greater lateral pressure — greater 
widening of the stream diameter — lessened velocity of flow — greater lateral 
pressure — greater widening of the stream diameter — lessened velocity of flow, 
and so forth. The result is an insidiously progressive dilatation unless the re- 
sistance to further dilatation inherent in surrounding structures or in the 
normally intact vessel wall itself prevents it. 

It is apparent at once that the volume of blood foreed through the econ- 
stricted channel and tlhe velocity of flow with which the blood is ejected from 
the stenosis may be greatly affected by conditions just proximal to the stenosis 
(Fig. 17): large collateral channels such as a greatly dilated left subelavian 
artery, or an open ductus located just proximal to a coarctation, or an over- 
riding aorta receiving blood directly from the right ventricle may provide a 
large ‘‘runoff,’’ or diversion of blood flow away from the stenosis, thus reducing 
markedly the mass and the velocity of blood flow through the stenosis. 

That such a diversion of flow may effectively prevent poststenotie dilatation 
is well illustrated by the following case of a large patent ductus proximal to a 
coarctation of the aorta. 
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Fig. 18.—(a) Dilatation beyond a coarctation does not occur in the presence of a large 
open ductus which diverts blood flow away from the stenosis. (b) Anastomosis of disparate 
ends effected by use of V-plasty to avoid stenosis at site of union. (c) Note larger diameter 
of distal aorta as compared with proximal aorta after elimination of ductus and excision of 
coarctation. 


K. B., aged 10,* was admitted to Stanford Hospital in January, 1954, for correction 
of a coarctation of the aorta accompanied by a patent ductus, both of which had been 
recognized soon after birth. The patient had led a very protected existence, although her 
mother admitted she seemed a perfectly normal child. There was no history of cyanosis. 

Physical examination disclosed a very pale but well-developed normal child except for 
a loud continuous murmur at the left cardiac base with a loud pulmonic second sound; heart 
definitely enlarged and hyperactive; pulse rate 98; hemoglobin 13 Gm. per cent; hematocrit 


*A patient of Dr. Ann Purdy. 
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39; 4,250 white cells, urine normal. Blood pressure: right arm 142/90-58 mm. Hg, left 
arm 140/92-60, no pressures obtainable in either leg; after two days in bed, blood pressure 
in the arm dropped to 128/70-56, 

At operation a widely open ductus arteriosus, 8 mm. in diameter, was found, transmitting 
blood from the aorta to the pulmonary artery. Just distal to this open ductus lay a typieal 
coarctation, but the caliber of the aorta distal to it was diminished rather than increased, 
the aorta proximal to the constriction having a diameter of 1.7 em. and the distal aorta a 
diameter of 1.3 em. (Fig. 18, a). The coarctation itself had an inner lumen of about 3 mm. 
in diameter. To re-establish continuity of the two disparate ends, the small distal aorta 
was incised longitudinally for about 7 mm. in its anterior half which provided the necessary 
extra circumference for satisfactory suture to the larger proximal aorta (Fig. 18, b). Asa 
result of this V-plasty, the lumen of the anastomosis exceeded the lumen of the smaller vessel, 

When the flow through the aorta was re-established by removing the occluding clamps, 
pressure in the right arm dropped from 170/110 to 120/90, and the conditions in the aorta 
proximal and distal to the anastomosis were promptly reversed: the proximal aorta was now 
smaller than the aorta distal to the anastomosis! (Fig. 18, ¢.) Good pulses could now be 
felt in both feet, and on discharge from the hospital ten days later the pressure in the 
right arm was 128/90 and in the right leg 132/96 mm. He. 


This prompt restoration of the normal relationship of a higher leg pressure 
and a lower arm pressure is attributed to the complete absence of stenosis at 
the site of union due to the employment of a plastic type of anastomosis whieh 
provided a lumen at least equal and perhaps even greater than the lumen of 
the smaller vessel. The frequent failure to restore promptly and completely 
this normal relationship between arm and thigh pressures following excision 
of a coarctation is perhaps due not to an obscure failure of the circulation to 
adjust to the new conditions but is more likely due to the persistence of some 
degree of stenosis at the site of union. This stenosis may be due to the use of a 
continuous nonabsorbable suture which tends to pucker the anastomosis either 
immediately or later through circular fibrous contraction, or to the use of wide 
mattress sutures which may markedly reduce the circumference of the anasto- 
mosis (Fig. 19).1' In the suturing of blood vessels it appears preferable to 
employ simple interrupted sutures placed at 1 mm. intervals in order to permit 
subsequent expansion of the anastomosis by stretching of the intact normal wall 
between these interrupted sutures, thus reducing the possibility of constriction 
by cireular fibrous contraction. Also, in end-to-side anastomoses, a plastic type 
of anastomosis is indicated in order to provide a lumen at the site of union 
larger or at least equal to the lumen of the smaller vessel, thus avoiding a stenosis 
(Fig. 20). 

The interesting reversal in the sizes of the aortic lumen proximal and distal 
to the anastomosis following excision of the coarctation and ligation of the duetus 
may be explained as follows: The decrease in the size of the proximal aorta was 
undoubtedly related (1) to the decrease in blood pressure in this part of the 
circulatory system, (2) to the decrease in the volume of blood flowing through 
this proximal aorta, which had been greatly augmented in the presence of the 
ductus, and (3) to the presence of a thickened and highly elastie aortie wall 
proximal to the anastomosis which had developed during the period of high 
pressure and greater flow through this segment, this greater elasticity being 
now exerted upon a smaller volume of blood under lower pressure. 
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The increased diameter of the distal aorta following the opening of the 
anastomos’s is attributed (1) to the greater volume of blood now directed into 
this sezement, (2) to the greater arterial pressure now present in this segment, 
and (3) to the greater dilating effect of this increased volume flow and increased 
pressure upon a vessel wall less well developed and therefore thinner and more 
distensible than the thickened wall proximal to the anastomosis. 


a. b. 


Fig. 19.—In end-to-end anastomosis, a real effort to avoid stenosis must be made lest 
poststenotic dilatation initiate unfavorable consequences. The usual mattress suture as in a 
may include overwide segments of the vessel wall producing stenosis. The simple single 
sutures as in b are less likely to pucker the anastomosis, and they provide for expansion 
of the circumference by the elasticity of the intact vessel wall between each suture. (See 


Fig. 9.) 


: Fig. 20.—In end-to-end anastomoses as in the Blalock procedure, the V-plasty type of 
union is also recommended in order to prevent stenosis and to insure an expanding type of 
anastomosis which will permit an increasingly greater volume of blood to flow through the 


opening. 

The absence of dilatation beyond the coarctation in this instance was the 
direct result of the diversion of a large volume of blood through the patent 
ductus into the pulmonary artery which reduced markedly the pressure and 
velocity of blood flow through the coarctation. 
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Very similar conditions are present in a tetralogy of Fallot, in which the 
interventricular septal defect and the overriding aorta provide channels through 
which blood from the right ventricle is diverted away from the pulmonary 
artery, thus reducing greatly the volume of blood forced through the infundibu- 
lar stenosis (Fig. 17, a). The inevitable result is a great reduction in the pres- 
sure and velocity with which blood emerges from the stenotic channel, and no 
dilatation of the pulmonary artery occurs. On the contrary, the caliber of the 
pulmonary artery and its two main branches is greatly diminished commensurate 
with the reduced volume flow of blood through these channels. 


The difficulty encountered by Halsted and Reid' in attempting experi- 
mentally to produce posteconstriction dilatation by partial ligation of the 
terminal aorta may be due to the diversion of blood through the many large 
branches just proximal to this site of partial ligation such as the celiae axis, 
the two large renal arteries, the inferior mesenteric artery, and the several 
paired lumbar vessels. These can effectively reduce both the velocity and pres- 
sure with which blood is ejected through a stenotic channel produced in the 
terminal aorta, and thus prevent or greatly curtail poststenotie dilatation. 

These experiments and clinical observations remove all doubts as to the 
cause of the poststenotie dilatation—it is not biologic, nor supernatural, it is 
not due to vasomotor paralysis nor to occlusion of the vasa vasorum, it is not the 
result of trauma nor of disruption of sympathetic nerves, it is not due to 
localized impairment of circulation, nor to an unusually well-developed collateral 
circulation entering the vessel distal to the coarctation. It is the simple 
mechanical effect of the operation of natural hydraulie laws that govern the 
flow of fluid through a conduit—in this instance not a rigid-walled conduit, but 
an elastic vessel, capable of distention in response to increased lateral stress. 

Furthermore, these observations are highly suggestive that the initiating 
factor in the development of the arteriosclerotie aneurysm may occasionally be 
a relative and limited stenosis of the arterial lumen imposed by a segmental 
atherosclerosis, through which a narrowed stream flows with increased velocity 
into a still normally distensible distal segment. Here the high kinetic energy 
of the rapidly moving ejected stream is transformed into a high lateral pressure, 
and the result is a fusiform aneurysmal dilatation (Fig. 21, a), provided the 
vessel wall distal to the segmental atherosclerosis is not too rigid nor too altered 
by arteriosclerotic changes. If there are limited areas of atherosclerosis with 
pronounced localized weakening of the wall in the segment just beyond the 
stenosis where the play of hydraulic forces is greatest, a linear rupture may 
occur, resulting in the initiation of a dissecting aneurysm (Fig. 21, c). Ora 
localized weakened area in the vessel wall may yield gradually to the play of 
altered pressures, resulting in a sacculated aneurysm distal to the stenosis 
(Fig. 21, b). 

Once a dilatation has been initiated, the process is perpetuated and 
enhanced through the application of the principle that a widened or dilated 
cross section slows the stream, a slowing of the stream increases lateral pressure 
(the Bernoulli principle), and increasing lateral pressure further dilates the 
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vessel, thus setting up a vicious circle which is limited only by the inelasticity 
and rigidity of the vessel wall itself or by the incompressibility of surrounding 
structures. The progressive thinning of the wall itself, once the dilatation has 
been initiated, may be an additional important factor in the progressive dilata- 
tion of the vessel by reducing progressively the resistance of the wall to the 
play of these hydraulic forces. The progressive nature of an aneurysmal dilata- 
tion once initiated is thus more easily understood. 


Fig. 21.—-The play of hydraulic forces beyond a stenosis due to segmental atherosclerosis 
in an arteriosclerotic aorta may be an important factor in development of (a) fusiform 
aneurysm, (b) sacculated aneurysm, (c) dissecting aneurysm. 


Moreover, the sudden appearance of marked irreversible dilatation beyond 
a stenosis in a rubber tube, as observed in one of our experiments, may well 
have its counterpart in the development of aortie aneurysms; that is, a weakened 
area imposed by atherosclerosis beyond a stenosis may be suddenly subjected to 
a great increase in the play of these hydraulie forees due to the sudden increase 
in general blood pressure accompanying unusual physical activity or great 
emotional strain, resulting in the sudden ballooning out of the aorta into a 
sacculated or a fusiform aneurysm, or even in a tear of the media, with the 
production of a dissecting aneurysm. 

In brief summary: a mass of fluid ejected through a narrow and limited 
constriction under high velocity strikes against a more slowly moving mass of 
fluid distal to the stenosis, resulting, first, in the conversion of high kinetic 
energy into high potential energy or lateral pressure and, seeond, in the lateral 
deflection of the rapid stream and even in a complete reversal in its direction of 
flow, thus producing eddies of alternating high and low pressure whose repeated 
impacts over prolonged periods against an elastic wall are capable of inducing 
structural fatigue and distention of that wall, resulting eventually and _ in- 
evitably in the phenomenon of poststenotie dilatation. It is a highly intriguing 
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thought that this sequence of events may be the initiating and possibly the most 
important factor in the development of the fusiform dilatations, the saceular 
aneurysms, or even of the dissecting aneurysms commonls observed in the 
arteriosclerotie aorta in which segmental atherosclerosis may produce a localized 
stenosis. 

Grateful acknowledgment is hereby accorded to Professor J. K. Vennard of the Department 
of Civil Engineering at Stanford University tor his helpful advice and criticism, and to Drs. 


Ernest Schnoor, Eldon Ellis, and Isou da Costa, fellows in surgery, for their invaluable help 
in executing the experimental studies presented in this paper. 
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TOLERANCE OF ADULT RATS TO PROFOUND.HYPOTHERMIA AND 
SIMULTANEOUS CARDIAC STANDSTILL 


Suap A, Niaz, M.D., F. JouHN Lewis, M.D., MINNEAPOLIS, MINN. 
(From the Department of Surgery, University of Minnesota Medical School) 


INTRODUCTION 


ECENTLY the work of Bigelow’ * and Boerema* has awakened interest in 

the use of general hypothermia as a means of permitting open intracardiac 
surgery with the use of a simple technique. With moderate hypothermia (26° 
to 28° C.), total circulatory interruption, resulting in a bloodless heart, is 
possible for about ten minutes. This period of time is sufficient for the per- 
formanee of successful intracardiac operations in man to repair atrial septal 
defeets,** or to relieve pulmonary stenosis,’ under direct vision. It is possible, 
furthermore, that other intracardiac abnormalities, such as ventricular septal 
defects," * in the future, may also be repaired during hypothermia. Still, the 
limited time during which the heart may be open without danger is a serious 
handicap of the technique, a handicap which could be removed if deeper levels 
of hypothermia were permissible. 

In the hope of developing ways by which homeothermie animals could 
safely tolerate a more profound hypothermia, we undertook a study of the 
mechanism of death due to hypothermia in rats. It was our expectation that 
these animals would die, probably of ventricular fibrillation, at temperatures 
between 15° and 20° C., but to our amazement we found that, with a careful 
technique of cooling and resuscitation, they would survive much lower tem- 
peratures, temperatures hitherto tolerated only by hibernating mammals. The 
pattern has, however, been strikingly different from that of cooled hibernators, 
for the rats pass through the lower temperature ranges in a state of temporary 
cardiae arrest which may last up to two or three hours with survival. 

Numerous experiments in the past showed that nonhibernating mammals 
were unable to survive a reduction of body temperature below 13° to 20° 
C.1) 1°22 and, further, that adult rats sueeumbed when the body temperature 
fell below 15° C."* 282" In these previous experiments, the heartbeat appar- 
ently continued in all the surviving rats, certainly in those in which electro- 
eardiograms were taken, and no heart recovered after it had stopped for as 
long as ten seeonds.?° Asystole was considered to be lethal for the adult 
rat.2°-28 

METHODS 

Adult Sprague-Dawley rats weighing 150 to 410 grams (average 235) were 
cooled during intraperitoneal Nembutal anesthesia (1 mg. per twenty to 
twenty-five grams), by wrapping the animal in a blanket through which a 
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mixture of aleohol and water at a temperature of 20° to 25° F. was cireu- 
lated.» * °° Rewarming was performed with wet packs at 40° to 45° C., until 
the temperature reached 30° C., when an electric light bulb was utilized for 
further rewarming and drying. 

During cooling, artificial respiration was used until the heart stopped 
beating, and it was restarted again when rewarming was commenced. The 
respirator consisted of a three-way valve, rotated by an electrie motor at 30 to 
50 r.p.m., which was connected to an endotracheal catheter made of a polyethy- 
lene tube, 2 mm. in outer diameter and 4 to 5 em. in length (Figs. 1 and 2). 
The endotracheal tube was introduced through the mouth and tied in place to 
the upper lip and front teeth. During rewarming, artificial respiration was dis- 
continued when the temperature reached 30° to 35° ©., and the endotracheal 
tube was removed when the cough reflex returned. 


» 


Fig. 1.—An anesthetized rat about to be wrapped in refrigerating blankets. The respi- 
rator is attached to the intratracheal tube, the thermometer is inserted, and electrocardiogram 
leads are in position. 


Fig. 2.—Intratracheal polythene catheter which is 2 mm. in outer diameter and 4 to 6 cm. in 
ength. 
Electrocardiograms were taken during the experiment with a direet 
writing machine. The temperature of the animal was measured by a mereury 
thermometer introduced 8 to 9 em. into the reetum. 
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Increased respiratory secretions and pulmonary edema complicated the 
procedure and were a frequent cause of death. These respiratory complica- 
tions were apparently reduced by atropine, which, in the later experiments, 
was given in doses of 1/100 grain, twice, thirty and fifteen minutes before 
cooling and again when the animal had been rewarmed. It was continued in 
doses of 1/600 grain with 10,000 units of penicillin four to five times a day 
for two to three days in the postcooling period.* In addition, endotracheal 
suction was used whenever there was evidence of fluid in the bronchial tree. 


RESULTS 

Forty-seven rats were cooled. Their hearts stopped at temperatures rang- 
ing from 1.5° to 11.75° C. (average 9° C.), but the body temperatures dropped 
further, reaching low points between —4.0° C. and 8.5° C. (average 5.5° C.). 
The temperature was kept at these low levels, and cardiae standstill was main- 
tained for periods of from thirty-five minutes up to sixteen hours. As the 
animals were rewarmed, the hearts resumed beating at temperatures from 
4.5° C. to 14° C. (average 9° C.), and later spontaneous breathing returned 
at 25° to 30° C. simultaneous with the return of visible intestinal peristalsis 
and spontaneous emptying of the bladder. Finally consciousness returned 
with movements of the whiskers, limbs, and the whole body. The righting 
reflex was regained one to three hours after the return of consciousness, and 
in most cases the animal was able, within the next one to two hours, to move 
around in its cage and climb up the side walls. Animals with cardiae arrest 
for periods longer than one hour, however, showed some flaccid paralysis of 
the hind limbs, more in the right than the left, but this disappeared in two to 
three days with complete recovery. The electrocardiograms of two rats dur- 
ing cooling and rewarming are shown in Figs. 3 and 4. 

The results for all the rats are summarized in Table Ll. In twelve rats, 
vardiae arrest was maintained for thirty-five to forty-four minutes, and all 
recovered and survived for at least one day; five are still living (thirteen to 
sixteen weeks), while seven lived one to eight days and died of respiratory ob- 
struction. 


TABLE I. SurvivaL APTER CARDIAC ARREST AT LOW Bopy TEMPERATURES 


pEATHS | 


DURATION NO. OF DURING __SHORT SURVIVAL LONG* 
OF ARREST | ANIMALS REWARMING | 1-24HR. | 1-8 DAYS SURVIVAL 
I 35-44 min, 12 0 0 7 5 
Il 1-3 hr. 21 8 8 4 1 
IIL 3-16 hr. 14 10 4 0 0 


*Living up to date. 


In a group of twenty-one rats kept in cardiae arrest for one to three hours, 
thirteen recovered and survived at least one hour; a 260 gram rat survived 
eardiae standstill of one hour and five minutes and is still living (sixteen 
weeks), while a 240 gram rat lived seven days after eardiae arrest of two 


*These doses of atropine were found to be satisfactory although the usual dose is 10 mg. 
(% grain) per 100 grams of body weight. 


y 

4 

l 

) 

) < 


— 
=) 
— 
N 
= 


28 


1954 


July, 


ONITOOD 


= = 
| | | 
fot 
| 
= | 
> 
o 
iio 
| 


gery 
1954 


ace “4 HYPOTHERMIA AND SIMULTANEOUS CARDIAC STANDSTILL 99 
hours and thirty-five minutes, and died on suctioning its trachea, which re- 
sulted in trauma and profuse bleeding into the bronchial tree. 

The hearts of fourteen rats were arrested for three to sixteen hours. Four 
of these survived rewarming; the longest survival was five hours, in a 240 gram 
rat which had cardiae arrest for three hours and three minutes. Even those 
with sixteen hours’ standstill had visible sinoauricular pulsations when the 
chest was opend after warming. 

All the survivors had been given artificial respiration, but as a control, 
seven rats, not shown in Table 1, were cooled without it, and then rewarmed as 
soon as the ventricles had stopped beating or had become irregular, usually 
at about 15° C. All these rats suecumbed, even though artificial respiration 
was used in some of them during the rewarming. 


COOLING REWARMING 


— 
| 


Fig. 4.—Klectrocardiograms of a 240 gram rat maintained in cardiac standstill at 5.5° C. 
for two hours and thirty-five minutes. It died seven days after the experiment because of 
tracheal hemorrhage caused by suction aspiration. 

Seven other rats could not be classified into the groups shown in Table I, 
hecause they died of technical error which included perforation of the lungs 
due to increased respiratory pressure or interruption of breathing because of 
faults with the respirator or undetected disconnection between it and the 
endotracheal tube during the experiment. 


DISCUSSION 


Apparently the use of artificial respiration in these experiments had made 
it possible for the rats to survive much lower temperatures than were previ- 
ously believed to be tolerable.'® **-** Although it is not specifically mentioned, 
other investigators have probably not used artificial respiration constantly 
while cooling their rats, for death in their animals occurred at the same tem- 


30 NIAZI AND LEWIS Surgery 

July, 1954 
perature levels that we found to be fatal among our control animals whieh 
had no artificial respiration during cooling (about 15° C.). The importance of 
maintaining artificial respiration during cooling has been emphasized previ- 
ously," *° but its value has probably never been so dramatically illustrated as 
in these experiments. 

With artificial respiration, the rat heart continued to beat at temperatures 
below 12° C., and then by the time it had finally passed into cardiac arrest, 
the temperature had reached such a low level (below 10° C.) that complete 
standstill of the circulation for relatively prolonged periods did not cause 
tissue death. Similarly, it has been shown that hibernating animals will tolerate 
total occlusion for about two hours, once the temperature has been lowered be- 
low 10° C8! Our experiments show that even the nervous tissues of at least this 
one homeothermie animal were not permanently damaged by hypothermia as 
profound as that which is tolerated by hibernators, and that a similar period 
of circulatory interruption may be withstood as well. 

There is, of course, an important difference between hibernating animals 
and our experimental rats. The cold rats were in cardiac arrest and actually 
appeared to be dead, while hibernating animals have a slow heartbeat and con- 
tinue to breathe even at these low temperatures."" ** Nothing in our experi- 
ments explains this intriguing difference. Moreover, we cannot explain why 
the rats went into cardiae arrest rather than ventricular fibrillation, although 
this may be related to the fact that respiratory acidosis was avoided during 
cooling**; at any rate, it is probably that resuscitation was easier following 
arrest than it would have been after a similar period of fibrillation. It has 
been striking to find that the simple resuscitory measures of warming and 
artificial respiration were enough to bring about a regular heartbeat after 
long periods of arrest in these animals. 

It is obviously important to find out whether or not these results can be 
repeated in any other homeothermic animals. We intend to try in other small 
mammals, but at least for the dog, a similar pattern of cooling and rewarming 
may not be possible. Other workers have shown that even with artificial 
respiration the dog succumbs to ventricular fibrillation when cooled below 
20° C. Nevertheless, efforts to cool this animal further might be successful 
if cardiae arrest rather than ventricular fibrillation could be produced. 

For others who might wish to repeat these experiments, we would like to 
call attention to the fact that respiratory troubles have been the most common 
cause of failure. During the procedure, obstruction may arise because of mis- 
placement of the end of the endotracheal tube so that it is occluded by the 
wall of the trachea. Difficulty in passing the tube at the beginning, with re- 
sultant trauma to the pharynx or trachea, may also be followed by death. Even 
with the careful passage of the tube, the animals are burdened with postcool- 
ing, respiratory obstruction due to pulmonary edema and increased fluid with- 
in the bronchial tree. This complication may be avoided, at least partially, 
by the use of atropine and tracheal aspiration. 
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SUMMARY 

1. Profound hypothermia of —4.0° to 8.5° C. (average 5.3° C.) with simul- 
taneous eardiae standstill was produced in forty-seven adult rats. 

2. Twelve rats which had cardiac arrest for thirty-five to forty-four 
minutes all survived rewarming and lived from one day up to the time of 
writing (several weeks). 

3. Of twenty-one rats which had eardiae standstill for one to three hours, 
twelve survived from one hour to seven days and a thirteenth animal is still 
living. 

4. Three to sixteen hours of cardiae arrest was maintained in fourteen 
“ats, but none lived more than five hours. 
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THE USE OF HYPOTHERMIA IN THE PREVENTION OF PARAPLEGIA 
FOLLOWING TEMPORARY AORTIC OCCLUSION : 
EXPERIMENTAL OBSERVATIONS* 


Roper? Pontius, M.D., LeRoy Brockman, M.D., Eric G. Harpy, F.R.C.S. 
(Epinx.), DENTON A. CooLey, M.D., AND DEBAKEy, M.D., 
Ilouston, TEXAS 
(From the Department of Surgery, Baylor University College of Medicine, and the Jefferson 
Davis, Methodist, and Veterans Administration Hospitals ) 

LTHOUGH. recent developments in the surgical treatment of aortic disease 

by resection have provided a strikingly more favorable outlook for these 
grave conditions, certain technieal factors essential in the performance of the 
procedure have produced some limitations to the application of this form of 
therapy.’ * 12-74 1% 18,23 This stems primarily from the fact that cross-clamping 
of the aorta is necessary during the performance of excision of the diseased 
segment and its replacement by an aortic homograft. In cases in which the lesion 
is constrictive or obliterative, such as coarctation, this does not constitute a prob- 
lem owing to the fact that a well-developed collateral circulation already exists. 
On the other hand, in patients with aneurysmal disease, this becomes a highly 
important problem, sinee cross-clamping of the aorta under these circumstances 
creates potential ischemie hazards of temporary arrest of the circulation to the 
tissues distal to the point of occlusion. Accordingly, the degree of ischemic 
damage to organs below the level of aortie occlusion during this critical period 
usually determines the success or failure of the surgical procedure. The spinal 
cord distal to the site of aortic occlusion appears to be the most vulnerable 
tissue to damage from temporary ischemia. Relatively mild ischemic changes 
in the spinal cord, as may occur in oeceluding the aorta below the diaphragmatic 
hiatus, may produce no permanent neurological disturbances. Thus, in our 
series of forty patients with abdominal aortie aneurysm and twenty-two patients 
with thrombo-obliterative disease in whom the aorta was oeeluded for more than 
one hour, no neurologic sequelae were encountered, On the other hand, occlusion 
of the descending thoracic aorta below the level of the arch may lead to serious 
neurological disturbances and even death. 

Probably the most important factor determining the extent of damage to 
the spinal cord under these circumstances is the degree to which collateral 
vessels have already been developed. With constrictive or obliterative lesions 
of the thoracie aorta, such as coarctation, a rich supply of collateral cireulation 
is developed which supplies the lower portion of the body. Thus, aortie occlusion 
in coarctation is seldom a cause for paraplegia.*:*"” With lesions, however, 
such as aneurysm of the aorta, in which there is only a slight tendeney for 
collateral circulation to develop, temporary aortic occlusion may cause serious 


spinal cord changes, paraplegia, and death.** 


Received for publication April 1, 1954. 
es *Supported in part by a grant from the Houston District Chapter, Texas Heart Associa- 
on, 
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A number of techniques have already been used experimentally and elinj- 
cally to provide circulation to the lower segment of aorta during the period of 
aortic reconstruction. Temporary intubation of the aorta’ *' and temporary 
extra aortic shunts'® ** have been used with rather disappointing results in most 
instances. Another approach to the problem is through reduction of oxygen 
demand by the central nervous system by lowering body temperature with in- 
dueed hypothermia.*: 7! On the basis of clinical and experimental observations 
with hypothermia for other purposes, there is reason to believe that this may 
provide an effective solution to the problem.* Aecordingly, these 
studies were undertaken to determine the effectiveness of hypothermia in pre- 
venting spinal cord damage following temporary arrest of the circulation in the 
thoracie aorta. 

METHOD 


Mongrel dogs averaging 7 to 15 kilograms were used in all the experiments, 
Anesthesia was obtained by intravenous Nembutal, 30 mg. per kilogram of body 
weight, and artificial respiration was provided by means of endotracheal tube 
and mechanical insufflator. The aorta was exposed through the third left inter- 
costal space for occlusions just distal to the left subclavian artery. A second 
small incision, usually through the eighth intercostal! space, was used for animals 
in which ocelusion was at the diaphragmatic hiatus as well as proximally. In 
those animals in which all the intercostal arteries were ligated, exposure was 
obtained through the bed of the resected seventh rib. 

Hypothermia was produced by wrapping the animals in a_ rubberized 
blanket through which a refrigerant solution was circulated. Reetal tempera- 
tures were reduced to between 75° and 80° F. before the chest was opened. 
Following completion of the operation, rewarming was accomplished by im- 
mersing the animal in a water bath at 110° to 115° F. for fifteen to thirty 
minutes until rectal temperature had risen to 96° F. 

Four groups of experiments were performed, including a control series in 
each group, with the period of aortie occlusion being one hour for all of the 
animals: 

Group I. The aorta was occluded just distal to the left subelavian artery. 

Group II. The aorta was simultaneously occluded just distal to the left 
subelavian artery and at the level of the diaphragmatic hiatus. 

Group III. The aorta was occluded just distal to the left subclavian artery 
after ligation of the upper two pairs of intercostal arteries. 

Group IV. The aorta was occluded just distal to the left subelavian artery 
after ligation of all of the supradiaphragmatie intercostal arteries. 

RESULTS AND DISCUSSION 

All the deaths in both the control and hypothermie animals took place within 
the first six to twelve hours after the experiment, and usually without recovery 
from anesthesia. It was therefore impossible to determine in these animals 


whether or not paraplegia existed. Death occurred in most of these animals, 
both in the control and hypothermic group, in a shocklike state. The mechanism 
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Number 
of death in these animals is not clear. It was thought that overwhelming 
bacteremia might be a factor, but control of bacteremia by Aureomycin in one 
group of animals in another experiment did not change the mortality or mode 
of death. 

These studies show that occlusion of the aorta just distal to the left sub- 
celavian artery in normothermic animals for a period of one hour produces an 
appreciable degree of ischemic damage to the spinal cord (Table I). This con- 
forms with observations made by a number of other investigators.* * 1% 2° It is 
also apparent from our experiments that interruption of the intercostal vessels 
enhances the ischemie effect of aortic occlusion upon the cord. Although there 
was only a slight reduction in over-all mortality following the use of hypothermia 
in these experiments (Graph I), in the surviving animals there was a striking 
reduction in the incidence of paraplegia in the hypothermic animals. Thus, the 
65 per cent over-all paraplegia rate for the thirty-four surviving control animals 
was reduced to 0 in the thirty-five surviving hypothermie animals (Graph II). 
The total influence of hypothermia in reducing the incidence of the ischemic 
effects of temporary arrest of aortic circulation is rather impressive (Graph III). 


CONTROLS Group | Group 2 Group 3 Group 4 


Total Number 11 18 10 I 
Died 1 8 2 5 
Paraplegic 3 9 5 5 
% Paraplegic 30% 90% 63% 83% 
(3/10) (9/10) (5/8) (5/6) 
HYPOTHERMIC 
Total Number 10 18 10 9 
Died 8 3 
% Paraplegic O% 0% 0% 0% 
(0/10) (O/I0) (0/9) (0/6) 


Table I.—Table showing method and results of experiments on the effectiveness of hypo- 
thermia in the prevention of paraplegia following temporary aortic occlusion. Four groups 
of animals were used, cross-clamping the aorta for one hour at the point indicated in the 
diagram, and with a control series in each group. 


Because cross-clamping of the aorta, as was carried out in the Group II 
animals, is the type of aortic occlusion that is necessary clinically, additional 
observations were made in this group of experiments. It was found, as might 
be expected, that the mean blood pressure in the aorta just distal to the 
occluding clamp drops precipitously immediately after the occlusion, but within 
a few minutes begins to rise slowly, reaching a level approximately 20 per cent 
of the normal within thirty minutes (Fig. 1). On the other hand, in animals 
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in which the aorta is cross-clamped, as in Group II, the secondary rise in pres- 
sure occurs more rapidly and to a much higher degree (Fig. 1). These patterns 
of pressure response were identical for both normothermic and hypothermic 
animals. This is further evidence of the importance of collateral blood flow 
through the intercostal vessels. This may have clinical significance in providing 
additional means of combatting the ischemic effects of aortic occlusion by 
deliberately raising the pressure of the aorta distal to the occluding clamp. 
Further studies along these lines are in progress. 
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_ Fig. 1.—Pressure curve made in distal segment of aorta after applying proximal clamp 
as in Group I animals. Application of distal occluding clamp at level of diaphragm as in 
Group II caused a striking increase in pressure in the intervening segment of thoracic aorta. 


SUMMARY 


Studies were undertaken to determine the effectiveness of hypothermia in 
preventing spinal cord damage following temporary arrest of the circulation in 
the thoracie aorta. Four groups of experiments were performed with a control 
series in each group and with the period of aortic occlusion being one hour for 
all animals, Although the aorta was oceluded just distal to the left subelavian 
artery in all the animals in each group, in certain groups additional measures 
were used to diminish distal blood flow, such as interruption of intercostal 
arteries and also the additional occlusion of the aorta at a lower level. 

Whereas there was only a slight reduction in over-all mortality following 
use of hypothermia in these experiments, there was a striking reduction in the 
incidence of paraplegia. The over-all paraplegia rate for the surviving control 
animals was 65 per cent, but none of the surviving hypothermic animals de- 
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veloped paraplegia. On the basis of these experiments it is concluded that 
hypothermia has a definite protective influence against ischemie damage of the 
spinal cord following high aortie occlusion, 
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A SURGICAL APPROACIL TO TRANSPOSITION OF THE GREAT 
VESSELS WITIL EXTRACORPOREAL CIRCUIT 
W. T. Mustarp, M.D., A. L. Cuure, M.D., J. D. Kerru, M.D., A. Srrex, M.D., 
R. D. Rowe, M.D., ANd P. Vuap, M.D., Toron'ro, ONTARIO, CANADA 

(From the Hospital for Sick Children) 


N PREVIOUS experimental work it was demonstrated that the cireulation of 

dogs could be maintained with an artificial pump and a biologie oxygenator 
consisting of lungs from another dog. The results of these experiments, which 
have been published elsewhere,’ * showed an 80 per cent survival rate for this 
procedure. It was felt that this experimental approach could be applied to the 
human being, using a monkey lung as a biologie oxygenator. Laboratory in- 
vestigations showed that human blood was fully oxygenated when passed through 
a monkey lung, and the lung itself aeted as a biologic oxygenator for a period 
of two to four hours before showing any deleterious effects. No serious bio- 
chemical changes took place in the blood, and cultures were sterile at the end of 


three hours’ oxygenation. 

With this background of experimental investigation, we felt that surgery 
in the human being could be undertaken in hopeless eases demanding exclusion 
of the heart for correction of congenital defeets in infants. Transposition of 
the great vessels was the condition selected, and a study was undertaken. 

Transposition of the Great Vessels—Transposition of the great vessels is 
one of the leading problems in cardiae surgery for several reasons. It is the 


second leading cause of death in congenital heart disease, and is usually asso- 
ciated with a life expectancy of about three months. No adequate method of 
dealing with this condition has as yet been evolved. From the medical point 
of view the first question is one of diagnosis. This problem has recently been 
studied by Keith and co-workers, and reported elsewhere.’ Briefly, the 
diagnosis is based on finding a eyanotie baby, in the first few weeks of life and 
With an inadequate weight gain, who is mueh more cyanosed than in most 
cases of tetralogy of Fallot. The defeet is found five times more commonly in 
boys than in girls, and the electroecardiogram reveals right ventricular hyper- 
trophy, somewhat less marked than in the tetralogy cases, and usually with a 
lower voltage and more balanced type of pattern. X-ray films reveal a eardiae 
outline close to normal size and shape at birth, which in three or four weeks 
assumes a characteristic egg shape in the majority of cases. The apex points 
down and out as shown in Fig. 1. The left border is usually convex and the 
great vessel area is commonly narrow. The right auricle is rounded and en- 
larged, and the hilar shadows are increased in size and density, but do not 
as a rule pulsate. Angiocardiography demonstrates the aorta arising from 
the right ventricle (Fig. 2). 


This work was aided by National Research Council and Bickel Foundation grants, 
Received for publication, Noy, 17, 1953. 
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Fig. i1.—Characteristic egg shape seen in transposition of great vessels. 


Fig. 2.—Angiocardiogram demonstrating aorta arising from right ventricle. 
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In most cases, the diagnosis is not difficult at 2 months of age without the 
angiogram, for at this age the various features of this syndrome are evident 
and usually allow a differentiation from other congenital anomalies of the 
heart. However, diagnosis in the first few days of life will become increasingly 
important if operation becomes available. Here the same criteria apply, but 
they will not be as distinctive as at 1 to 2 months of age, and an angiogram 
may be required. 

Post-mortem Findings in Cases of Transposition.—Complete transposition of 
the great vessels is a serious major defect consisting of an aorta arising from 
the right ventricle and a pulmonary artery from the left. The cyanotic blood 
returning to the heart from the peripheral veins is immediately pumped out 
into the general circulation again and not to the lungs. The blood returning 
from the lungs to the left ventricle is pumped out to the lungs onee more and 
not to the general circulation. In this way, two separate circulations are estab- 
lished with only sufficient crossflow through fetal passages, collaterals, and asso- 
ciated defects to maintain life for a short time. In 80 per cent of the cases there 
are no major associated defects; in 20 per cent one finds other major abnormali- 
ties such as (1) Taussig heart, (2) ventricular septal defect with an overriding 
of the aorta, (3) tricuspid atresia, (4) auricular septal defect, (5) coarctation 
of the aorta, and so forth. 

In the series without other major defects there are a number of minor ones 
to be found. Fifty-five per cent show a ventricular septal defect, usually small. 
Seventy per cent show a patent ductus arteriosus. One hundred per cent have 
a patent foramen ovale. These openings are of some limited value in helping 
to achieve crossing of the pulmonary and peripheral circulations, but if suecess- 
ful surgical therapy becomes possible and the great vessels are returned to their 
proper positions, these minor defects are not sufficient to interfere with a rela- 
tively normal life. 

The Coronary Arteries and the Great Vessels—In contemplating a surgical 
procedure involving retransposition of the great vessels, two anatomic con- 
siderations are important. The first is the position and distribution of the 
coronary arteries. This point has been studied in detail, and will be reported 
elsewhere by Vlad.*. A chart indicating the findings in thirty-four eases is 
shown in Fig. 3. It will be noted that the left coronary vessel always arises in 
a position that is relatively close to the pulmonary arteries in transposition 
cases. This is not true of normal hearts. The second consideration is the rela- 
tive size of the great vessels, which is of importance in any anastomosis. De- 
tailed measurements showed that in roughly 60 per cent of the cases the great 
vessels were of equal size. In most of the remainder, the pulmonary artery 
was greater than the aorta in diameter. In a small minority, the aorta was 
larger than the pulmonary artery. In most cases where one great vessel was 
larger than the other, the difference was not great enough to interfere with a 
successful anastomosis. In a few eases, however, there was quite a marked 
difference, and these were usually cases which involved a ventricular septal 
defeet with some overriding of the pulmonary artery or the aorta, 
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Problems in Operative Approach.—F rom the foregoing study, it is apparent 
that it would be necessary to transpose at least one of the coronary vessels 
at the time of operation. The right coronary artery arising from the pul. 
monary artery is compatible with longevity. The left coronary artery is more 
easily transposed than the right one, but the heart circulation itself would 
have to be temporarily occluded, even though the left coronary could be per- 
fused with oxygenated blood from the pump during the major part of the 
operation. An experimental study was undertaken to ascertain the length of 
time the heart would survive total ischemia. 
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Fig. 3.—Diagram showing position of coronary arteries. 


Coronary Occlusion With Extracorporeal Circulation.—The coronary vessels 
in twenty-one dogs were occluded at their origin from the aorta. During 
this work it became evident that our results were not uniform, and that often 
the left coronary branched immediately at its origin and a branch could be 
missed. Ten dogs survived occlusion for five to ten minutes, and a ten-month- 
old dog survived an occlusion for twenty-two minutes. However, this tech- 
nique was not too accurate, and we repeated the experiment, clamping the 
aorta and main pulmonary arteries. Seven dogs survived occlusion for four 
to seven minutes. 

Air Embolism in Coronary Vessels.—The possibility of air embolism in the 
coronary vessels was considered and had been observed to oceur after opening 
of the left heart. Following the lead of Geoghegan and Lam,° we felt that the 
air could be pushed through the coronary tree by increasing arterial pressure 
in the pump. The left auricle was entered in six dogs, and air embolism was 
observed in the coronary vessels with pump pressure at 150 to 170 mm. He. 
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These ‘‘air locks’’ could be forced on through the coronary tree, leaving the 
dog alive and with a normal electrocardiogram. 

Operation at Post-mortem.—On fresh-mortem specimens, the pulmonary 
artery was divided one-half inch distal to the valve, and the aorta was 
divided immediately distal to the origin of the right coronary artery. This 
division was carried proximally toward the heart, and included the orifice of 
the left coronary artery. The vessels were then transposed, completing the 
anastomosis to include the left coronary in its new position receiving blood 
from the left ventricle (Fig. 4). 


ga. Retransposition of Aorta 


Aa and Pulmonary Artery. 


Pulmonary artery 
ond aorta 
_ divided. 


Left coronary 
artery. 


Aorta and 
pulmonary artery 
retransposed. 


Left coronary. 


Fig. 4.—Diagrammatic demonstration of operation for retransposition of great vessels. 


Surgical Approach for Retransposition of Great Vessels—The chest is 
entered through the third intercostal space transecting the sternum, and both 
arterial and venous cannulae are connected to the artificial heart lung. A 
patent ductus is looked for and, if present, ligated. The left coronary is then 
dissected free, after the relative size of the two vessels has been assessed in 
regard to operability, and a tape is passed about the coronary artery. Clamps 
are placed across the venae cavae, the heart is then opened through the right 
ventriele, and the blood present is aspirated. The aorta is divided in such a 
fashion so as to exclude the right coronary and include the left coronary on the 
heart side (Fig. 4). The left coronary artery is then cannulated and perfused 
With oxygenated blood at arterial pressure. The pulmonary artery is divided 
one-half inch distal to the valve. The distal end of the pulmonary artery is 
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sutured to the proximal end of the aorta with everting mattress sutures, and the 
distal end of the aorta is then sutured to the proximal end of the pulmonary 


artery to include the left coronary artery in the suture line. Clamps are then 
released, and the right ventricle is sutured. 
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Fig. 5.—Graph showing results of oximetry during operation. 


Operation to Retronspose Transposition of Great Vessels 
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Fig. 6.—Blood pressure recordings during operation. 
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TABLE I. RESULTS OF TESTS MADE 


Plasma hemoglobin 

Oxygen content 

Oxygen saturation 

Co.CP 

pH 

Plasma proteins 

Albumin 

Globulin 

Serum chloride 
Sodium 
Potassium 

Nonprotein nitrogen 


Hemoglobin 

Red blood count 
White blood count 
Hematocrit 
Prothrombin time 


Smear: Neutrophils 
Eosinophils 
Lymphoeytes 
Monocytes 
Platelets 
Red blood count 


White hlood count 


Bacteriology: No culture 


from the machine at the end of 
The sample of blood from the 
No. 2 was taken after the pump had been perfusing for twenty-three minutes. 


the blood had been drawn for a maximum of six hours, fifteen minutes, and there had been 


CHILD 


Bioc hemical 


Normal 
10.9 vol. % 


/ 


61% 

51.3 vol. 

7.37 

Gm. 

2.75 Gm 

3.05 Gm 
106.2 meg./L. 
135.0 meq./L. 
3.25 meq./L. 


25 
43.5 mg. % 
Iematologice 
13.6 Gm. 
5.4 million 
6.3 thousand 
42 vol. % 
Normal 


Normal 


Occasional polychromasia well 


filled with hemoglobin 


Normal 


growing after five days of culture 


the perfusion. 


twenty-two minutes of preoxygenation. 
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DuRING PERFUSION WITH HEART-LUNG PREPARATION 


SAMPLE NO. 2 
| (TWENTY-THREE MINUTES 
| OF PERFUSION ) 


Normal 
17.35 
96% 
41.9 
7.34 

5.5 Gm. 
2.6 Gm. 
2.9 
108.0 
135.0 
4.35 
37.0 


11.7 

4.6 

4.0 

35 

Clotting time: still fluid 
at 55 min. 

28% 

3% 

66% 

1% 

Normal 

Occasional polychromasia 
well filled with hemo- 
globin 

Normal 


of a sample of blood taken 


child was taken before the operation as a control. Sample 


At this time 


Venous Approach i in Transposition of 
The Great Vessels 


—Right pulmonary veins cut from 
atrium for anastomosis 


Inferior vena cava 
cut from right 
atrium and 


anastomosed to 
left atrium.—— 


Fig. 7.—Diagrammatic demonstration of operation for transposition of venous side. 
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TABLE IL 


DIAGNOSIS | 


CARDIO- 
SEX, AGE, THORACIC 
NO.| WEIGHT | RATIO | 
1 F, 3 mo., 5.2 Transposition of 
8 Ib. 9 great vessels 
with heart 
failure 
2 F, 2 yr., 9.8 *artial or com- 
13 Ib. 16.8 plete trans- 
position of great 
vessels 
3 F, 1% mo., 7 Transposition of 
% Ib. 11.6 great vessels 


4 M, 5% mo., 
5 Ib. 


Transposition of 
great vessels 


9/12/52 Thoracotomy ; 


OPERA- | 
TION 


DATE OPERATION 


1/17/52 Thoracotomy; preplanned 


procedure of reversal of 
main arterial trunks had 
to be abandoned beeause 
clamping of right coro- 
nary artery resulted in 
enfeebled and slowed 
heart action; attempt to 
perform a modified low 
Pott’s operation to pro 
vide some degree of 
mixing of circulation: 
this had to be aban 
doned when pulmonary 
hemorrhage and edema 
appeared in patient 


1/2452 Thoracotomy ; fibrinous 
pericarditis due to pre 


vious operation; great 
discrepancy between 
aorta and pulmonary 
artery, latter being 


much larger than aorta; 
impossible to transpose 


these vessels due to 
difference in their 
diameter 

$,/15/52 Thoracotomy; both aorta 


and pulmonary artery 
clamped, eut across, and 


sutured to proper ven 
tricle: left COrONATY 
artery cut trans 
posed separately; — in 
cision into right ven 


leak in suture of 
around coronary 
difficulties in 
controlling bleeding 
after several attempts, 
fibrillation, and death 


triele; 
aorta 
artery; 


pulmonary 
artery found three times 
size of aorta in diam- 
eter; it was not possible 
to transpose these ar- 
teries 


Surgery 
July, 1954 
MONKEY | AMOUNT OF 
LUNGS HEPARIN- 
(HOURS | IZED BLOOD 
POST- (1 19 
MORTEM 1,000) 
2 3,000 
4,000 
4,000 
9 1,000 


| | q 
| a 
(M 
. 


pleural cavity oblit- 
erated by fibrinous ad- 
hesions; heart enlarged, 
fibrinous pericarditis; 
brain softening in dis- 
tribution of right 

middle cerebral artery 
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TABLE 
pURATION | 
OF PRE- 
OXYGENA- DURATION | DONOR LUNG} 
TION OF | AT END OF SURVIVAL 
(MINUTES) | PERFUSION | PERFUSION | TIME | POST-MORTEM FINDINGS REMARKS 
= sm Very 3 hr, sponta- Aorta arising from right Oxygen saturation during 
slightly neous respira- ventricle, pulmonary ar- anesthetic was 40%, 
edematous — tion tery from left ventricle; during perfusion 35- 
interventricular septal 100% for two hours 
defect; edema with 
hemorrhage right 
lung 
30 50 min. Slightly 2 hr. Transposition of aorta Jan. 4, 1952, right thora- 
edematous and overriding pul- cotomy performed, but 
monary artery, inter- no other surgical pro- 
ventricular septal de- cedure carried out, as 
feet, patent ductus transposition of great 
arteriosus, aneurysm of vessels found instead of 
pulmonary artery; aorta expected tetralogy 
1.2 em. diameter, 
pulmonary artery 2 cm., 
ductus arteriosus 1 em. 
in diameter 
2() 3% hr. Slightly After termina- Bleeding from suture line 
edematous tion of per- in aorta could not be 
fusion controlled 
10 10 min. No edema 15 days Pulmonary artery four Hematuria developing 4 
times bigger thanaorta; hours _ postoperatively 
lungs showed moderate cleared in 3 days; left 
regional atelectasis, left hemiplegia noticed after 


24 hours, completely 
flaccid arm and_ leg, 
moved again  sponta- 


neously by 3rd_ post- 
operative day; May 27, 
sudden onset of gasp- 
ing, infrequent respira- 
tion; death, cerebral 
embolus 
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TABLE II—ConvT’p 


: —}T 

| MONKEY | AMOUNT OF oF 
| | LUNGS | HEPARIN. ox! 
| CARDIO- | OPERA- (HOURS | IZED BLOop ‘ 


SEX, AGE, | THORACIC TION POST- (1 cc. 19 
WEIGHT | RATIO DIAGNOSIS | DATE | OPERATION MORTEM ) 1,000) naan 


5 M, 19 days, 6.4 Transposition of 5/20/52 Thoracotomy ; hole inad- vy 4,000 
6 Ib. 115 great vessels vertently made in right 
ventricle near left cor- 
onary artery;  end-to- 
end anastomosis made 
transposing vessels to 
proper ventricles; at 
completion of 
tomosis, heart did not 
start to beat again 


6 F, 4% mo., 6.8 Transposition of 6/26/52 Thoracotomy in 5th inter 3 4,000 

S Ib. 11 great vessels costal space and across 
sternum; right ventricle 
opened, large — hemor 
rhage; much time lost, 
monkey's lungs became 
edematous, as the 
child's ; ho operative 
procedure performed on 
yreat vessels ; chest 
closed 


7 M, 19 days, 5.9 Transposition of 11/18/52 Thoracotomy in 3rd inter Y 4,000 
7 Ib. 4 great vessels costal space and across 
sternum; great vessels 
dissected, clamped, cut, 
and transposed to proper 
ventricle; left coronary 
cannulated and a= fair 
flow of arterial blood 
from machine main 
tained in it; patent 
ductus ligated, right 
ventricle opened, mod 
erate amount of blood 
sucked from it; left 
coronary artery trans- 
posed with aorta 


Technical Problems Met at Operation.—Connecting an extracorporeal eir- 
culation in an infant of six pounds proved to be much more difficult than we 
had anticipated. The femoral vessels are too small, and adequate venous return 
is a formidable problem. The internal jugular vein is large and ean be sacrificed 
following cannulization. The inferior vena cava can be approached extra- 
peritoneally and cannulated. These two veins are the only available veins large 
enough to allow adequate venous return. The proper cannulae were difficult to 
make of glass, and we are indebted to Dodrill’s group® for some excellent 
cannulae made for us in the Research Division of General Motors, Detroit. 
These cannulae are of stainless steel, allowing a large bore, and have a pointed 
basket tip. They have been most satisfactory. The arterial cannulae are also 
of stainless steel, and silicone is baked on the steel. The left subelavian or 
right iliae arteries are suitable for eannulization, and we have used either of 
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Number | 
DURATION | 
OF PRE- | 
QXYGENA- | DURATION | DONOR LUNG 
TION | OF AT END OF | 
(MINUTES ) | PERFUSION | PERS USION 
2hr. After 35 
min. of 
perfusion, 
edematous 
20 2 hr. Edema and 
froth 
formation 
20 2 hr. Exeellent, 


no edema, 
no froth 


these vessels. 


TABLE 


TRANSPOSITION OF GREAT VESSELS 


SURVIVAL 
TIME 


After termina- Transposition 


tion of 
perfusion 


15 min. 


After termina- Transposition — of 


tion of 
perfusion 


right ventricle, both 
great vessels transposed 
to the proper ventricles, 
left coronary artery 
being transposed to- 
gether with aorta, all of 
anastomoses patent and 
airtight, ductus ligated 
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[I—Cont’p 
POST-MORTEM FINDINGS REMARKS 
of great 
vessels; aorta opened, 
and it was found that 
in suturing coronary 
artery, this was closed 
off at its mouth 
Transposition of great 
vessels, aorta smaller 
than pulmonary artery, 
patent foramen ovale, 
small high ventricular 
septal defect; cause of 
death: pulmonary 
edema 
great During procedure, heart 
vessels, no ventricular continued to heat and 
septal defect; suture on had normal rhythm in 


ECG; after completing 
suture of coronary ar- 
tery into suture line on 
aorta, cannula was re- 
moved from coronary 
artery; clamp removed 
from aorta and blood 
permitted to enter freely 
into coronary” artery; 
heart started to  fibril- 
late 


It was felt from our observations on the experimental animal 


that complete coronary occlusion would be safe for a period of five to ten 


minutes with the extracorporeal cireuit. 


We felt that this would allow us 


enough time to cannulate the left coronary artery and maintain perfusion 


during the completion of the anastomosis. 


feasible, but how successful is still dubious from our results. 
air that entered the coronary circulation could be driven through the capillary 


hed by our extracorporeal pump. 


The flow from the coronary sinus 


This proved to be reasonably 
We felt that any 


lessened by lowering the blood pressure, but was still considerable, and had 
to be aspirated and returned to the venous side of the pump. The return 
flow from the lungs via collateral cireulation was also more than we had 
anticipated and will necessitate tourniquets around the roots of the lung in 
the future. 


The operation on the venous side, which will be reported later 
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(Fig. 7), proved to be more technically difficult in the human being than in 
the experimental animal due to the shortness of the inferior vena cava. This 
approach has recently been reported by Lillehei and Varco.’ 

Electrocardiographic Observations at Operation.—Prior to clamping of 
the aorta, the extracorporeal circulation produced only minor changes in the 
electrocardiogram, variable heart rate, and T-wave elevation. In the first two 
and one-half minutes following application of the aortic clamp, progressive 
lengthening of the P-R interval occurred and was followed by widening of the 
QRS interval. At this stage, regular sinus rhythm was present. At the end of 
this short interval, ventricular fibrillation with disorganized beat appeared. 
Eleven minutes after the application of the clamp, some regular electrical 
activity developed and persisted for fifty-two minutes. Small diphasic P-like 
waves only were present, occurring at the rate of 80 per minute. Comparable 
tracings in one of our experimental animals has shown more clearly that follow- 
ing complete occlusion of the coronary vessels the ventricular complexes are 
progressively reduced in voltage and eventually disappear, leaving the P waves 
unchanged. 

Following removal of the aortic clamp at the completion of the reversal of 
great vessels, the electrocardiogram has always been abnormal. [Extremely 
variable rhythm alteration in atrioventricular and intraventricular conduction 
and ischemie changes have been witnessed occurring and recurring in a chaotie 
manner, 

Final tracings show progressive bradyeardia and grossly abnormal con- 
figuration of the total complex. 

Oximetry and Blood Pressure Recordings.—An oximeter recording of each 
case demonstrated a consistent rise in ©. saturation with the use of the pump. 
A sample tracing is shown in Fig. 5. 

Blood pressure tracings via the radial artery were used to determine the 
necessary rate of flow through the pump (Tig. 6). 

Laboratory Findings.—No gross biochemical changes oceur in the blood 
as a result of passage through a monkey’s lung. Furthermore, hemolysis is 
minimal and cultures are sterile (Table I). 

Results—Using this technique we have operated upon seven infants, with 
varying periods of survival time following operation. One patient, in whom no 
operation was performed but who was maintained on the extracorporeal circuit 
for ten minutes, survived two weeks postoperatively. This child had a transient 
hemiplegia, but otherwise appeared normal. A few have survived many hours 
and all have survived the actual perfusion. The perfusion time has varied 
from ten minutes to three hours, during which time the oxygenation and blood 
pressure were considered adequate for maintenance of life. 

Transposing Great Veins.—During the past year we have attempted trans- 
posing the inferior vena cava to the left auricle, and the right pulmonary veins 
to the right auricle in three cases. This operation may prove to be feasible, and 
will be the subject of a later communication (Fig. 7). 
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SUMMARY AND CONCLUSIONS 


1. Seven patients with transposition of great vessels have been operated 
upon using the Cowan Perfusion Pump and a biologic oxygenator (monkey 


lungs). 

2. No patients have survived operation. 

3. We feel that this application of an extracorporeal circulation could be 
undertaken in less hopeless cases. 
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DEEP VENOUS THROMBOSIS AND PULMONARY INFARCTION 
OCCURRING AS PREMONITORY SYMPTOMS OF 
THROMBOANGIITIS OBLITERANS 


Oscar CREECH, Jr., M.D., Ropert C. Overton, M.D., 
E. DEBAkey, M.D., Houston, TEXAs 


(From the Department of Surgery, Baylor University College of Medicine, and the Surgical 
Service, Veterans Administration Hospital ) 


¥ HIS elassie deseription of the pathologie lesions found in thromboangiitis 
obliterans, Buerger® pointed out that the arteries and veins are equally 
affected. Later he emphasized that in 20 to 25 per cent of patients with this 
disease, the superficial veins are involved in a form of migrating throm- 
bophlebitis, often before symptoms of arterial occlusion are evident.” '’ Buerger 
considered the changes in these veins so characteristic that the diagnosis of 
thromboangiitis obliterans could be made from histologic examination. These 
observations have been confirmed by others.’:'? More recently, Edwards’* has 
re-emphasized the specificity of the changes in the veins and urged that biopsies 
of acutely thrombosed superficial veins be made to establish an early diagnosis. 

Although thrombosis of the superficial veins is common in thromboangiitis 
obliterans, acute thrombosis of the deep veins of the extremities is apparently 
uncommon in this condition, and its occurrence as a premonitory sign of throm- 
boangiitis is virtually unknown. We have recently encountered four patients 
with histologically proved thromboangiitis obliterans, each of whom developed 
acute thrombosis of the deep veins of the lower extremity as the initial symptom. 
In three instances, pulmonary infarction was associated with the initial episode 
of venous thrombosis. In view of the apparent rarity of this condition, these 
four cases are reported in detail. 


95 


Case 1.—O. L. J., a 29-year-old white man, was first admitted to the hospital on Feb. 25, 
1952, complaining of cramping abdominal pain. He stated that in 1951 he had an abdominal 
operation for intestinal obstruction due to adhesions. 

The patient had been in the Air Force from November, 1942, to November, 1945. In 
1944, he developed pain in the calf of the right leg, which was persistent for two or three days 
and was associated with a low-grade fever. A diagnosis of deep thrombophlebitis was made. 
Treatment consisted of antibiotics, lumbar sympathetic blocks, and splinting of the right leg. 
He was hospitalized for five weeks, and following discharge, returned to duty. In 1945, he 
noted cramping pains in both legs after long walks. The patient was a heavy cigarette smoker. 

On admission to this hospital, physical examination revealed scars of the previous 
abdominal operations. Both lower extremities appeared to be normal. Arterial pulses were 
normal in all extremities. Laboratory studies revealed no abnormalities, and barium examina- 
tion of the gastrointestinal tract revealed a localized area of constriction in the upper jejunum. 
On March 7, 1952, the patient complained of coldness, pain, and numbness of the left leg and 
foot. Examination revealed the extremity to be pale, somewhat swollen, and with a marked 
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reduction in the volume of the pedal pulses. A diagnosis of deep thrombophlebitis of the 
left lower extremity was made, and the patient was treated by left lumbar sympathetic blocks. 
Within one week, the symptoms in the left lower extremity subsided, and at that time 
abdominal exploration was carried out for intestinal obstruction. Resection of a segment of 
jejunum was required to relieve the obstruction. In addition, a left lumbar sympathectomy 
was performed. Following operation, the patient continued to complain of pain and coldness 
of the left lower extremity. During the remainder of his hospital stay, the pedal pulses in 
the left lower extremity were not palpable, although the symptoms in that extremity had 
subsided. The pulses in the right foot were present, although diminished in volume. 
Histologic examination of a mesenteric vein from the resected jejunal segment (Fig. 
3, a) revealed that the wall of the vein was eecentrically thickened by apparent intimal 
proliferation of loose connective tissue, the lumen being diminished approximately three- 
fourths. There was fibrinoid change along the inner margin of the thickened area, and a few 
neutrophilic granulocytes and lymphocytes infiltrated the wall and the perivascular tissue. 


Fig. 1 (Case 1).—Posterior-anterior roentgenogram of chest showing increased density of left 
lung base with pleural effusion. 


Diagnosis was thromboangiitis obliterans of a mesenteric vein, 

On June 9, 1952, the patient was readmitted to the hospital, complaining of weakness 
and bloody stools of three days’ duration, Examination revealed a marked anemia and 
absence of posterior tibial and dorsalis pedis pulses on the left, and diminished pulses in the 
right lower extremity. The left foot was cold. Examination of the gastrointestinal tract 
failed to reveal any abnormality. The patient required approximately 5,000 ¢.c. of whole blood 
for replacement. Following the transfusions, he developed a severe superficial phlebitis of 
the left arm, which subsided spontaneously. On Dee. 2, 1952, he was discharged. The origin 
of the gastrointestinal bleeding had not been determined. 

The next admission was on Dee. 30, 1952, at which time the patient complained of severe 
pain in the left side of the chest, hemoptysis, and fever of several hours’ duration. He 
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appeared acutely ill, with a temperature of 100° F., blood pressure of 116/78, and pulse of 
120. There was splinting of the left side of the chest, and over the left lung base were 
dullness to percussion and diminished breath sounds. At this time, the pulsations in both 
lower extremities were recorded as being palpable, although greatly reduced in volume. 
Laboratory studies revealed an erythrocyte count of 5,000,000, a hemoglobin of 9 Gm., and 
a leukocyte count of 16,450, with 82 per cent polymorphonuclear cells. Urinalysis was normal, 
A roentgenogram of the chest showed a pneumonie density in the left lower lobe (Fig. 1). 
It was suspected that the patient had a pulmonary infarction in the left lung, but in the 
absence of evidence of venous thrombosis, this diagnosis was not confirmed. Within four 
days after admission, hemoptysis had ceased and the chest pain had subsided. On Jan. 14, 
1953, the patient again began to complain of severe pain in the chest and to expectorate 
bloody sputum. In addition, he complained of pain in the right femoral region, and examina- 
tion revealed marked tenderness and induration along the course of the femoral neurovascular 
bundle and swelling of the extremity. A diagnosis of iliofemoral thrombosis with pulmonary 
infarction was made, and inferior vena caval ligation and right lumbar sympathectomy were 
earried out. At the time of operation, the right lower extremity was moderately swollen, 
being approximately four inches larger than the left at the mid-thigh level. Following the 
operation, the patient steadily improved, and on Feb. 3, 1953, the chest roentgenogram was 
normal. On March 12, 1953, the patient was discharged and instructed to wear elastic 
bandages on the lower extremities. Since that time he has been followed on an outpatient 
basis. The right lower extremity remains larger than the left, and there are several areas 
of ulceration about the ankle. 


Comment.—In this ease, the deep venous thrombosis was labeled ‘‘spon- 
taneous,’’ having appeared suddenly in an active, presumably healthy young 
man. The thrombophlebitis preceded the first symptom of occlusive arterial 
disease by one and one-half years, at which time intermittent claudication de- 
veloped. That he had visceral as well as peripheral thromboangiitis obliterans 
is indicated by the histologie studies of a vein from the mesentery of the resected 
jejunum. The evanescent character of the pedal pulses was indicative of vaso- 
spasm primarily due to the venous thrombosis. Since visceral thromboangiitis 
was demonstrated, it is conceivable that the pulmonary infarction was on the 
basis of primary pulmonary thrombosis due to pulmonary thromboangiitis ob- 
literans. In view, however, of the overt signs of deep femoral thrombophlebitis, 
it is probable that the pulmonary infarction was on the basis of an embolus. 


Case 2.—E. H. W., a 39-year-old white man (former Southwest Conference track star), 
was well until February, 1952, when he sustained mild trauma to the right lower extremity. 
Following this, the leg became swollen and painful. A diagnosis of deep thrombophlebitis 
of the right lower extremity was made, for treatment of which he was hospitalized for one 
week. Three days after discharge, the leg became painful again and he developed a sudden 
severe pain in the right side of the chest. He was readmitted to the hospital. A diagnosis 
of thrombophlebitis with pulmonary infarction was made, and bilateral superficial femoral 
vein ligations were carried out. Following discharge from the hospital, the patient had mild 
pain in the right calf, but was able to work. 


On Sept. 29, 1952, he was again admitted to the hospital, with a four-day history of 
severe pain and swelling in the right leg. In addition, he complained of coldness of the right 
foot and cramping pains in the right calf when walking. Examination revealed marked 
reduction of the dorsal pedis and posterior tibial pulses in the right foot, and coldness of that 
extremity. A diagnosis of thrombophlebitis and vascular insufficiency of the right lower 
extremity was made. The patient was treated with daily paravertebral lumbar blocks and 
vasodilator drugs, and was told to abstain from smoking. He was discharged on Nov. 26, 
1952, and was relatively symptom free until Jan. 8, 1953, when he developed pain in the left 
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calf and numbness and coldness in the left foot. The patient had resumed smoking following 
his discharge from the hospital. Upon admission to the hospital at this time, examination of 
the lower extremities revealed diminished pulses in the right foot with absent pulsations in 
the left foot. The left foot was cold and blue. There were several thrombosed, tender super- 
ficial veins over the left calf. A diagnosis of thromboangiitis obliterans was made, and the 
patient was treated with a lumbar paravertebral block and vasodilators. In spite of this 
therapy, the patient’s symptoms increased in severity. An area of bleb formation and dis- 
coloration appeared on the dorsum of the left foot, and the patient complained of extreme 
night pain. At this time, intra-arterial Priscoline was administered for a period of three 
days. As amputation appeared imminent, the patient was transferred to the Houston Veterans 
Administration Hospital on Jan. 12, 1953. 

Examination at this hospital revealed a patient who appeared older than his chrono- 
logical age of 39 years. There were bilateral, longitudinal scars in the inguinal regions from 
the previous superficial femoral vein ligations. Both lower extremities were somewhat cyanotic 
in appearance, and on the dorsum of the left foot there was an area of pregangrenous change. 
In the right lower extremity, no pedal pulses were palpable. In the left lower extremity, the 
femoral pulsations were small, and below this point no pulses could be felt. A diagnosis of 
thromboangiitis obliterans was made, with early gangrene in the left foot. On Jan. 16, 1953, 
a bilateral lumbar sympathectomy was performed, with removal of the second and third 
ganglia on the right and the first, second, and third on the left. The response to this opera- 
tio was not impressive. The gangrenous process in the left foot began to extend, and on 
Jan, 24, 1953, a below-the-knee amputation was performed. 

Histologic examination of the vessels from the amputated limb (Fig. 3, b) revealed 
that the lumen of the posterior tibial artery was almost entirely obliterated by loose connec- 
tive tissue infiltrated with lymphocytes, plasma cells, and large mononuclear cells. The 
inner elastic membrane was scalloped, deeply stained, and in places reduplicated. The in- 
flammatory cells extended through the media into the surrounding hyalinized adventitia. The 
lumen of the adjacent vein was diminished by apparent subintimal thickening of the wall. 
The media was broad. There was perivascular infiltration of capillaries in the adventitia with 
lymphocytes. 

Diagnosis was thromboangiitis obliterans of posterior tibial artery and vein. 


Comment.—In this instance, deep thrombophlebitis of the lower extremity 
and pulmonary infarction preceded the onset of symptoms of thromboangiitis 
obliterans of the acute fulminating type. Only eleven months elapsed from 


the onset of the thrombophlebitis to amputation. 


CASE 3.—R. A. A., a 43-year-old Mexican man, was admitted to the Houston Veterans 
Administration Hospital on June 15, 1953, with a history of shortness of breath, pain in the 
chest and right thigh, and syneope of several hours’ duration, 

The past history was significant in that in 1942, while on active duty in the Navy, he 
had a sudden onset of ‘‘lobar pneumonia’’ for which he was hospitalized. While in the 
hospital, he developed swelling, tenderness, and pain in the left lower extremity. A diagnosis 
of thrombophlebitis was made. Following discharge from the hospital, swelling of the foot 
and leg persisted, and an ulcer appeared near the medial malleolus. 

In 1944, the patient noted a tender, cordlike vein in the left forearm. In 1952, the 
superficial veins of the lower anterior abdominal wall were similarly affected. 

In February, 1953, he experienced shortness of breath, pain in the right chest posteriorly, 
and hemoptysis. He was treated at home with antibiotics. Soon after being placed in bed, 
swelling and tenderness of the right lower extremity were noted. Following recovery, there 
was persistent swelling of both feet and legs, which was controlled somewhat by elastic 
bandages and periodic elevation. Three to four months prior to admission, intermittent claudi- 
cation appeared, which rapidly increased in severity. The patient was a cigarette smoker. 
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‘Physical examination revealed pitting edema of both feet and ankles with brawny indura- 


tion, scarring, and discoloration of the left leg. Marked tenderness was elicited along the 
course of the right femoral vessels. The posterior tibial pulse on the left was diminished; 
the remainder of the pedal pulses were absent. Popliteal pulses were of normal volume, 
Postural color changes were marked. 

Laboratory studies were essentially normal, as was the chest roentgenogram. On the 
seventh day after admission, the patient developed hemoptysis, and the chest pain became 
more severe. The finding of dullness and decreased breath sounds over the right chest pos- 
teriorly was confirmed by roentgenogram. A diagnosis of right iliofemoral thrombophlebitis 
and pulmonary infarction was made, and anticoagulant therapy was instituted. One week 
later, because of a recurrence of pulmonary symptoms in spite of anticoagulant therapy, 
superficial femoral vein ligation was attempted. The thrombus extended into the common 
iliac vein; therefore, a portion of the femoral vein was removed for histologie study, and in- 
ferior vena caval ligation was carried out. Convalescence thereafter was uneventful. 
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Fig. 2 (Case 3).—Posterior-anterior roentgenogram of chest showing area of increased density 
in left lung. 


Histologic examination of the resected portion of femoral vein (Fig. 3, ¢) revealed an 
uneven thickness of the wall. There was eccentric subintimal thickening with newly formed 
connective tissue that blended with a thrombus filling the lumen. Immediately beneath was 
@ conspicuous scalloped inner elastic membrane. The media was fairly broad in places, and 
infiltrated with neutrophilic and eosinophilic granuloeytes. This blended with hyalinized 
adventitia containing numerous small vascular channels and infiltrations of lymphocytes, 
plasma cells, and a few large mononuclear cells. 


Diagnosis was thromboangiitis obliterans of the right superficial femoral vein. 
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Comment.—This case is one in which superficial and deep thrombophlebitis 
played a dominant role. The initial episode of deep vein thrombosis was spon- 
taneous at the age of 31 years. The associated pulmonary symptoms suggest that 
pulmonary infarction also occurred at that time. Migratory superficial phlebitis 
appeared during the next ten years, and twelve years after the initial deep vein 
involvement, iliofemoral thrombosis in the opposite extremity occurred, again 
with pulmonary infarction. It was at this time that the symptoms of occlusive 
arterial disease appeared. The histologic changes observed in the resected por- 
tion of superficial femoral vein are typical of those produced by thromboangiitis 
obliterans. 


Case 4.—A 33-year-old white man was admitted to the Neuropsychiatric Service of the 
Veterans Administration Hospital, Houston, Texas, on April 28, 1950, for complaints of ex- 
treme nervousness. Physical examination revealed no evidence of organic disease. 

The past history was significant in that the patient had had a sudden onset of pain in 
the left chest followed by hemoptysis in September, 1949. He was hospitalized elsewhere, 
and treated with antibiotics. With the exception of the development of the anxiety state, 
he had remained well following discharge. The patient had smoked two packages of cigarettes 
daily for several years. 

Two weeks following admission, the patient suddenly experienced pleuritic pain in 
the left chest anteriorly. There was some referral of the pain to the left shoulder. Cough, 
productive of blood-tinged sputum, and moderate dyspnea and orthopnea developed sub- 
sequently. 

Physical examination revealed dullness to percussion and diminished breath sounds over 
the posterior-inferior aspect of the left chest. The temperature was 100.2° F., pulse rate 
120 per minute. Chest roentgenogram showed a pneumonic density in the left lower lung 
field, which was suggestive of pneumonitis in the region of the lingular segment with pleural 
effusion. On the following day, a roentgenogram revealed an increase in the pleural effusion. 

The patient was transferred to the Tuberculosis Service because of the symptom of 
hemoptysis and the roentgenographie findings. Soon after transfer, he suddenly developed 
pain and tenderness in the right iliofemoral region and moderate swelling of the right foot 
and ankle. Examination revealed mottled cyanosis of the right lower extremity with marked 
tenderness along the course of the right femoral vein. This development pointed to a diag- 
nosis of acute deep vein thrombosis and pulmonary infarction. In addition, there was acute 
phlebitis of the right internal saphenous vein. 

Therapy consisted of the administration of anticoagulants and elevation of the extremity. 
Recovery was slow but progressive, although swelling and pain of the right lower extremity 
persisted. Three weeks following the appearance of deep vein thrombosis, while still in the 
hospital and on anticoagulant therapy, the patient suddenly developed left iliofemoral tender- 
ness and swelling of the foot and ankle; a diagnosis of deep venous thrombosis of the left 
lower extremity was made. 

When he had recovered from this episode of thrombophlebitis, it was noted that the 
patient had diminished pulses in both lower extremities, and he complained of pain in the 
calf muscles on walking. 

Vein biopsy was carried out, and the pathologist’s report was that microscopic examina- 
tion revealed narrowing of the lumen of the vein by apparent intimal proliferation of loose 
connective tissue thrown into irregular folds and covered with endothelium. Within this 
tissue were lumina of capillaries and infiltrations of lymphocytes, plasma cells, and large mono- 
nuclear cells containing brown granules. The inner elastic membrane was thrown into con- 
Spicuous folds and fragmented. There was a slight increase of connective tissue between the 
muscle bundles of the media and hyaline change of the adventitia (Fig. 3, d). 

Diagnosis was thromboangiitis obliterans of the right internal saphenous vein. 
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Fig. 3.—Photomicrographs. (a) Case 1, mesenteric vein; (b) Case 2, posterior tibial 
artery and vein; (c) Case 3, superficial femoral vein; (d) Case 4, internal saphenous vein. 
All of these vessels show changes characteristic of thromboangiitis obliterans. 
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Fig. 3, ec and d. (For legend, see opposite page.) 
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The patient was discharged on Aug. 11, 1950, but was maintained on Dicumarol for 
several months. Swelling of the feet and ankles bilaterally persisted, and small ulcers appeared 
intermittently on the medial aspect of the ankles. He continued to complain of pain and 
discomfort in the legs on walking. 

The patient was readmitted to the hospital on Jan, 7, 1953, following mild trauma to 
the right thigh which was followed by pain and tenderness along the course of the right 
internal saphenous vein and the superficial veins of the anterior abdominal wall. Examination 
disclosed tenderness along these veins. There was coolness and slight cyanosis of both feet, 
and postural color changes were marked. Pedal pulses were markedly diminished. Symptoms 
subsided following treatment with bed rest and antibiotics, and he was discharged Jan. 14, 
1953. 


Comment.—This represents another instance of spontaneous or idiopathie 
deep venous thrombosis and pulmonary infarction preceding the symptoms of 
arterial disease. Had vein biopsy not been earried out, the diagnosis of thrombo- 
angiitis would have been considerably delayed, since symptoms of impaired 
arterial blood flow were minimal. 


DISCUSSION 


Four active white men in the third and fourth decades spontaneously de- 
veloped acute deep venous thrombosis. All were habitual cigarette smokers. 
One and one-half years, six months, twelve years, and three months later, 
respectively, symptoms of occlusive arterial disease appeared. In each instanee 
the arterial disease was proved to be thromboangiitis obliterans from histologic 
examination. 

In his monograph on the cireulatory disturbances of the extremities, 
Buerger’® stated that attacks of migrating phlebitis, particularly of the extensive 
fulminating variety, may have an analogy in the deep veins of the lower extremi- 
ties. As an illustration, he recorded a case in which superficial migratory 
thrombophlebitis was a prominent feature. When amputation was performed, 
the popliteal and femoral veins were found to be thrombosed. From a review 
of the symptoms which were recorded, however, it is impossible to determine at 
what time the deep thrombophlebitie process oceurred. Buerger also described 
the occurrence of progressive thrombophlebitis, which began in the feet and 
ascended to the iliae veins and into the vena cava in thromboangiitis obliterans. 

Barker‘ has reported the development of acute femoral thrombophlebitis 
of first the right and then the left legs with pulmonary infarction in a 
patient who subsequently developed acute occlusion of both popliteal arteries 
due to thromboangiitis. Commenting on this case, Brown’ stated that 
in his experience deep thrombophlebitis in thromboangiitis obliterans was most 
rare. He questioned whether the process in the arteries and the veins was on 
the same basis. Further, he noted that recurrent superficial phlebitis often 
preceded symptoms of occlusive arterial disease by many years and cited a case 
in which fifteen years elapsed between the appearance of superficial phlebitis 
and the symptoms of arterial occlusion. 

Fatherree and Hines,’ in an analysis of the fatal complications of thrombo- 
angiitis obliterans, reported two patients who died of postoperative pulmonary 
embolism. In the first instance, post-mortem examination revealed, in addition 
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to the pulmonary embolism, old thrombosis of the vena cava and recent throm- 
bosis of the left iliac and femoral veins. The second patient was found to have 
acute thrombosis of the left external iliae artery and vein. In two other 
patients in their series on whom no post-mortem examination was performed, 
death was thought to be due to pulmonary emboli. Fatherree and Hines referred 
to a ease reported by Averbuck and Silbert® as the only other case previously 
reported in which necropsy was performed and postoperative pulmonary em- 
bolism was found to be the accountable cause of death. A review of this report, 
however, reveals that the embolus probably arose from a mural thrombus in the 
right ventricle, and not from the veins of the lower extremities. 

Hausner and Allen'® have reported the oceurrence of thromboangiitis oblit- 
erans of a pulmonary artery. The patient’s initial symptom was sudden noc- 
turnal, substernal pain. Seven months later, marked swelling of the left leg 
developed, and three weeks later, swelling of the right leg occurred. Examina- 
tion disclosed occlusion of the right popliteal artery and reduced pulsations of 
the left foot. An acute phlebitis of the right leg was present. The patient 
developed gangrene of both feet, and expired. Post-mortem examination dis- 
closed thrombosis of the pulmonary artery and infarction of the lung. His- 
tologie examination of the pulmonary artery revealed a rather marked inflam- 
matory reaction in the wall of the artery with a well-organized, highly cellular 
thrombus attached to the wall, and extensive fresh thrombosis with slight 
organization. It was believed that these changes were indicative of thrombo- 
angiitis obliterans of the pulmonary artery rather than pulmonary embolism. 

Kahn" reported two patients ‘‘ whose first manifestations of thromboangiitis 
obliterans were in the nature of deep thrombophlebitis.’’ A review of the case 
histories, however, does not support this statement, since in each instance 
symptoms of ocelusive arterial disease preceded the development of thrombo- 
phlebitis of the deep veins. 

The four eases presented here suggest that the uncommon occurrence of 
acute deep venous thrombosis in thromboangiitis obliterans is more apparent 
than real. Several factors may be responsible for this. First, aeute deep 
venous thrombosis may be recognized but, lacking an immediate predisposing 
eause, the thrombosis is labeled ‘‘spontaneous,’’ or ‘‘idiopathie.’’ Several 
excellent reports on this condition are available. 

In 1936, Barker’ reported seventy-nine eases of idiopathic thrombophlebitis. 
These eases were divided into two groups: (1) forty eases in which the thrombo- 
phlebitis was of the recurrent type and (2) thirty-nine cases in which there was 
only a single episode of thrombophlebitis. In the first group, 88 per cent of the 
patients were men, the average age was 40 years, and in 47 per cent the deep 
veins of the lower extremities were involved. In four instances, the deep venous 
involvement was primary. Thirty per cent of the patients developed acute 
infaretion of the lungs, most of which were associated with femoral vein involve- 
ment. In the second group, 62 per cent were men, the average age was 43 years, 
and in approximately 70 per cent thrombosis was in the deep veins of the lower 
extremities. Pulmonary infarction occurred in three cases. In eleven cases 
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from the group with reeurrent thrombophlebitis, vein biopsies were performed, 
The pathologie picture of a vein heavily infiltrated with connective tissue cells 
and occluded by a cellular mass of connective tissue which sometimes contained 
giant cells was essentially indistinguishable from the pathologie picture of 
thromboangiitis obliterans, except perhaps in the degree of reaction. Barker 
stated that it was not illogical to consider recurrent idiopathie thrombophlebitis 
a type of thromboangiitis obliterans which involves only the veins. In a recent 
communication, Barker® stated that it is not unusual for patients with recurrent 
idiopathic thrombophlebitis to develop occlusion in some of the peripheral 
arteries subsequently. However, such patients rarely develop extensive arterial 
occlusion or arterial insufficiency of the extremities. The lesions in the arteries 
and the veins are typical of thromboangiitis obliterans in these cases, when 
studied histologically. 

DeCamp and associates"! analyzed a series of ninety cases of spontaneous 
thrombophlebitis. Sixty-seven per cent of the patients were in the fourth, fifth, 
and sixth deeades. In 69 per cent, thrombophlebitis occurred in the deep veins 
of the extremities. Pulmonary embolism developed in 7.7 per cent of cases in 
the series. In no instance did thromboangiitis obliterans develop subsequent 
to the thrombophlebitis. However, the average period of follow-up in fifty-four 
cases was only 31.2 months. 

Ackerman and Estes? presented the results of follow-up of eighty-eight 
cases of idtvpathie thrombophlebitis. All patients were followed five or more 
vears. The results of this study are in general similar to those reported by 
Barker. Of interest, however, is the finding that two patients who had experi- 
enced deep and superficial thrombophlebitis at the time of initial examination 
were found to have developed thromboangiitis obliterans three and four years 
later, respectively. The authors pointed out the difficulty of determining the 
presence of a chronie occlusive arterial disease such as thromboangiitis obliterans 
by questionnaire, and stated that it is possible that such a condition could have 
developed in several persons without their knowledge. Furthermore, thirty- 
two patients of the original group were lost to follow-up. It is conceivable that 
some of this number may have developed occlusive arterial disease. 

In view of these observations, it is suggested that a significant number of 
eases diagnosed as spontaneous or idiopathic deep vein thrombosis are actually 
instances of thromboangiitis obliterans. Long follow-up of patients with idio- 
pathie venous thrombosis should confirm or deny the validity of this concept. 

A second possible cause for the apparent rarity of acute deep vein throm- 
bosis in thromboangiitis is that the symptoms resulting from arterial occlusion 
overshadow those due to acute venous thrombosis. Venous thrombosis is often 
an insidious process and only recognized after pulmonary embolism has occurred. 
When severe pain of thromboangiitis is present, it is not unlikely that thrombosis 
of the deep veins will go unnoticed. 

Finally, the possibility exists that instances of arterial occlusion and venous 
thrombosis are attributed to some cause other than thromboangiitis. In the 
absence of histologic studies, a mistake in diagnosis may easily occur, since the 
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symptoms of thromboangiitis are not pathognomonic. Nygaard and Brown" 
in 1937 reported five cases of ‘‘essential thrombophilia.’’ This diagnosis was 
based on (1) arterial occlusion accompanied frequently by deep vein involve- 
ment, (2) histologie changes in the occluded vessels unlike those of arterio- 
sclerosis and thromboangiitis, and (3) an inereased coagulability of blood plasma, 
and an increase in the globulin-fibrogen fraction of the serum proteins. The 
histologic changes in essential thrombophilia are not characteristic, nor are the 
alterations in blood coagulability and proteins constant findings. Therefore, it 
is possible that cases which do not fit into the established pattern of the more 
common occlusive arterial diseases have been labeled essential thrombosis. 
Epstein and Richter’ reported a case of acute arterial and venous occlusion 
with pulmonary infarction in which the histologic changes in the occluded 
femoral artery were not unlike those found in early thromboangiitis. In spite of 
this equivocal histologic evidence, and without blood coagulation studies, a diag- 
nosis of essential thrombophilia was made. 


SUMMARY 

Four cases of histologically proved thromboangiitis obliterans have been 
presented. In each instance, deep venous thrombosis clearly antedated the 
symptoms of arterial occlusion. Each of the four patients developed pulmonary 
infarctions. In three, the infarction also occurred prior to the development of 
symptoms of arterial disease. 

The apparent rarity of deep vein thrombosis in thromboangiitis may be 
due to the following factors: 


1. Patients with spontaneous or idiopathie venous thrombosis are inade- 
quately followed, so that the subsequent late development of thromboangiitis 
goes unrelated to the premonitory venous thrombosis. 

2. The symptoms of acute venous thrombosis are overshadowed by the 
simultaneous severe svmptoms of arterial occlusion. 

3. The equivocal nature of the symptoms and histologic changes in some 
patients with occlusive arterial disease and deep vein thrombosis makes diagnosis 
difficult. Such eases may be erroneously diagnosed as essential thrombosis. 
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USE OF AN INTRA-AORTIC BALLOON CATILETER TAMPONADE FOR 
CONTROLLING INTRA-ABDOMINAL HEMORRHAGE IN MAN 


LIEUTENANT COLONEL CarRL W. HuGues, MepicaL Corrs, UNrrep States ARMY, 
WASHINGTON, 
(From the Division of Surgery, Army Medical Service Graduate School, 
Walter Reed Army Medical Center) 


VERYONE is familiar with the practice of manually compressing the ex- 

posed aorta for a period of time to control hemorrhage or to combat a 
hypotensive state during laparotomy. ‘To accomplish this same result in the 
unexposed aorta, a balloon catheter was tested as an intra-aortic tamponade in 
two critically injured Korean casualties. 

This device (Fig. 1) is a No. 10, French, nonradiopaque, Dotter-Lukas' 
balloon catheter, 125 em. long, with a single lumen communicating with the 
balloon and equipped with a Luer-Lok syringe at the proximal end. The ter- 
minal end is occluded and rounded. The balloon begins 1 em. from the end and 
is inflated by filling with 20 ¢.c. of sterile normal saline solution (Fig. 2). It 
is sterilized by immersion in Zephiran solution for twenty minutes. 

The catheter was chosen for testing as an intra-aortic tamponade, primarily 
in those casualties with intra-abdominal hemorrhage whose shock could not be 
controlled by blood replacement. It was arbitrarily decided that the catheter 
would be used only in moribund cases with evidence of intra-abdominal bleed- 
ing in which blood pressure could not be obtained after administration of 10 
units of blood. Use of the catheter was also considered in cases moribund 
and in shock from causes other than blood loss, on the assumption that tem- 
porary intra-aortie tamponade would enhance perfusion of the coronary arteries 


and perhaps improve the shock state.’ 


CASE REPORTS 

Only three patients fitting the first category were observed. 

Case 1.—The first had a thoracoabdominal wound. He received approximately 20 
units of blood with progressively increasing distention of the abdomen. The medical officer 
who was attempting to resuscitate the patient did not think to ask for use of the catheter. 
Instead, the patient was taken to surgery with practically no blood pressure. The bleed- 
ing could not be controlled, and the patient expired on the table. At post-mortem exami- 
nation, a laceration of the splenic artery was found. This case represents the ideal type in 
which use of the catheter might have been lifesaving. 

CASE 2.—The second patient was admitted one hour after injury with grenade wounds 
of the abdomen, thighs, leg, and foot and a compound-comminuted fracture of the right 
tibia and fibula. He had received 1,000 ¢.c. of plasma prior to admission. On admission, 
pressure was 40 systolic with a questionable diastolic level and pulse rate was 120. There 
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was abdominal distention suggesting uncontrolled intra-abdominal bleeding, In the re. 

ceiving ward he was given 2,000 ¢.c. of whole blood and 500 ¢.c. of dextran, and blood 


pressure was read as 58 systolic with questionable diastolic pressure and pulse 120, He 


Fig. 1. 


Fig. 2 
Fig. 1.—The catheter with balloon deflated. 
Fig. 2.—The catheter with balloon inflated with 20 c.c. of sterile normal saline solution. 


received 2,500 ¢.c. more of blood without improvement. 
a moribund condition. 


He was then taken to surgery in 
There, no blood pressure could be obtained. The level of the 
diaphragm was estimated by measuring the catheter beside the patient from the common 
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femoral artery to the ninth rib level in the midaxillary line. Two umbilical control tapes 
were placed about the common femoral artery, and a small transverse slit was made in the 
artery between the tapes. Through this slit, the catheter was inserted and passed to the 
level of the diaphragm, where the balloon was inflated with 20 e.c. of sterile normal 
saline solution. The blood pressure was read as 110/70 immediately, and respiration im- 
proved. With the catheter in place, the abdomen was quickly opened and 1,500 to 2,000 
ec, of free blood was aspirated, A bleeding external iliac vein was controlled and a mas- 
sive laceration of the right lobe of the liver was packed and sutured, 

After fifteen minutes the catheter was slowly deflated, moved down to the bifurca- 
tion of the aorta, and reinflated to allow oxygenation of the kidneys, liver, and spinal 
This permitted multiple bleeding points in the bowel and mesentery and around 
the celiac axis to present themselves. With this bleeding, the blood pressure was again un- 
obtainable and breathing became labored. The catheter was then replaced and inflated at 
The pressure was obtained at 78/50; then it rose to 100/54, 
and respiration again improved, While the catheter at the diaphragmatic level controlled 
the bleeding and maintained a pressure, it also obscured the bleeding points so that they 


cord. 
the level of the diaphragm. 


could no longer be found, 

After ten minutes at this level, the balloon was slowly, partially deflated to expose 
the bleeding points, but the blood pressure was again lost. Reinflation of the catheter 
balloon returned the blood pressure to 96/54, but again obscured the multiple bleeding 


points. 
As the catheter was repeatedly deflated to demonstrate the bleeding points, the blood 
pressure continued to fall, and the patient’s condition gradually became worse until he 
expired on the operating table. It was feared that prolonged use of the high aortic tam- 
ponade might result in liver, renal, or spinal cord damage from anoxia, 

During surgery, the patient received 13 additional pints of whole blood, 1 Gm. of 
ealeium gluconate, and 1,000 ¢.c, of dextran with 4 ¢.e, of norepinephrine added. 

At autopsy, no damage to the celiac axis was demonstrated, but in addition to the 
damaged liver and iliae vein, there were multiple injuries to branches of the splenic artery, 
the mesenteric arteries, and a severed spermatic artery. 
Case 3.—A third patient was also admitted in coma and again, unsuccessfully, at- 
tempts were made to resuscitate the patient without use of the catheter early. This pa- 
tient had a gunshot wound through the sternum, abdomen, colon, right internal iliac vein, 
sacrum, and back with multiple small bowel wounds, He was admitted two and three- 
quarters hours before surgery, during which time he received 20 pints of whole blood 
through three ports, one intra-arterially. The abdomen continued to swell, and only at one 
time during resuscitation was there detectable blood pressure and that was only a very 
fleeting beat around 40 systolic. When taken to the operating room, the patient was cya- 
notice under oxygen, with gasping respiration and no detectable blood pressure or pulse. 
The catheter was quickly inserted through a pulseless left common femoral artery and the 
balloon inflated at the level of the diaphragm, No blood pressure could be obtained. 
Forced respiration was continued and almost immediately the abdomen was opened. Ap- 
proximately 6,000 ¢.c, of blood was aspirated. A severed internal iliac vein was controlled, 
but the patient expired almost simultaneously. He had received 2,000 ¢.c. more blood while 


on the operating table. 


DISCUSSION 


The catheter was not used in moribund eases of the second eategory. In 
patients seen in this group, there were always other complicating factors 
which it was felt the use of the catheter would not have overcome. While 
prolonged use of the catheter may result in liver, renal, and cord damage, 
complications from its use clinically are not known. Edwards and co-workers? 
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found that prolonged experimental use of the balloon for periods of aortic 
occlusion above the celiac and superior mesenteric arteries resulted in ir. 
reversible shock in a high percentage of cases. While occlusion of the hepatic 
vessels has received much attention in the literature recently, occlusion above 
the celiae axis may conceivably still allow some collateral blood flow to the 
liver. Twenty minutes has been reported as a maximal time for continuous 
occlusion of the hepatic vessels in normal dogs without showing liver necrosis.‘ 
Others have reported occlusion of the lower thoracic aorta for forty-five 
minutes without complications.® This, however, was during the resection of an 
aneurysm. 

Repair of the femoral artery is not a problem and ean easily be carried 
out with 00000 arterial silk. 

Probably each of these patients would have had better chance for survival 
if the catheter had been utilized earlier. Our conservatism and fear of harm- 
ing a patient who might have been resuscitated without use of the catheter 
caused us to reserve it for absolutely moribund cases in which there was no 
hope of reeovery without its use. It is believed that most certainly the first 
and possibly others of the three patients might have been saved if the intra- 
aortic tamponade had been used earlier. It is felt, therefore, that as more 
experience is gained, the catheter may have a place in the treatment of patients 
of the first category and that it should be further evaluated for such use. 


SUMMARY 


An intra-aortic balloon catheter tamponade was utilized in two moribund 
Korean War casualties with uncontrolled intra-abdominal hemorrhage. 
though both patients expired, the catheter was effective in temporarily restor- 
ing the blood pressure in one case. The catheter should be further evaluated 
both experimentally and clinieally. 
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OPERATIONS FOR FIBROUS STENOSIS OF THE 
COMMON BILE DUCT 


AND E. Foeuiati, M.D.,** Turin, ITALY 


A. M. DoGuiorti, M.D.,* 


N PATIENTS who have had, or who have, active jaundice unrelated to sur- 

gery, and in those who have a bile fistula or jaundice after an operation on 
the biliary tract, one thinks of a type of choledocho-odditis or secleroretractile 
papillitis, or of a postoperative cicatricial stenosis partiallly or completely 


obstructing the hepatic duct or the common bile duct. 
In surgery for these conditions, which at times presents particular diffi- 
culties, we follow a plan which seems to solve the problem in every ease. 


I 

Choledocho-odditis (stenosing, scleroretractile odditis: Mirizzi, Del Valle, 
Donovan) represents a pathologie entity which is much more frequent than it 
was once suspected to be. It is rarely primary; instead, it is frequently accom- 
panied by stones in the gall bladder and by choledochitis, together with chronic 
pancreatitis, particularly of the head, or again by lymphadenopathy of the 


choledochoduodenal pancreatic trigone. 

In such cases, or simply in the ease of a dilated choledochus, after having 
earried out the subserous cholecystectomy, if this is necessary, and having per- 
formed a choledochotomy at the point of the supraduodenal part of the com- 
mon bile duet, we proceed in every case with an instrumental exploration of 
the common bile duct, using flexible probes with various buttoned ends 
(Fig. 1). 

After cleaning the common bile duct of the stones which may be present, 
and after ascertaining that the choledochoduodenal junetion is impervious 
to probes of 4 to 5 mm. diameter, we carefully maneuver the probe in such a 
way that the buttoned end raises the posterior wall of the duodenum and 
pushes it against the anterior wall of the duodenum. We then make an incision 
longitudinally for 2 em. in the anterior wall of the duodenum and explore the 
papilla, which is generally very stenotic, and which we then incise for 4 to 5 
mm. in the direetion of the pylorus. We put in two stitches of silk (No. 0000) 
with an atraumatie needle in order to draw the bile duct and duodenal mucous 
membranes closer, thus obtaining an appreciable enlargement of the papilla 
and of the sphincter. At this point we fix a rubber tube of caliber 22-24 
Charriére to the buttoned end of the probe with silk thread. This tube has 
many holes for a distance of 10 to 12 em. at its distal extremity. 

The rubber tube is pulled up in the common duct by withdrawing the 
probe in such a manner that the proximal unperforated end of the tube comes 
through the incision in the common duct and then out to the exterior. This 
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part of the rubber tube is responsible for temporary drainage of the bile. The 
distal end of the tube will remain in the common duet, projecting for quite a 
length into the duodenum. Owing to the holes in the tube, the bile and the 
pancreatic juice can immediately flow freely into the duodenum. 


It is advisable to stitch the tube to the breach in the common duct with 
thin catgut. Then we close the wound in the common duct with separate 
stitches of silk. After closing the abdominal wall, letting the transpapillary 
tube drainage issue forth from a hole, we attach it to the skin with a stiteh 
(Fig. 2). 

We usually keep this transpapillary drainage tube in place for twenty 
days, and during this time the cicatrization of the papilla and sphineter will 
mold on a ealiber of sufficient amplitude to prevent return of the stenosis. 
However, after a few days, we close the proximal end of tube so that all the 
bile will flow into the duodenum. 


Fig. 1.—The buttoned exploratory probe, composed of ductile metal, with a curve which 
may be manipulated to meet the requirements of the case. The concavity of the probe is a 
triangular channel which begins immediately underneath the head of the probe: this guides 
the point of a curved bistoury when an Oddi’s sphincterotomy is performed. Above, The but- 
toned ends of our series of choledochus exploratory probes, reduced to ™%o actual size. 


We have never seen any oozing of bile after the tube has been removed; 
x-ray examinations carried out a few days afterward with opaque food did 
not demonstrate any reflux in the common bile duet; this is due to the fact 
that, although it is dilated, the continence of the choledochoduodenal june- 
tion is assured by the oblique intramural course of the duct. 

Our experience in the treatment of these lesions is overwhelmingly in 
favor of the method used by us, and in none of the thirty-five operated cases 
have we noted the appearance of alimentary reflux in the bile tract, or of 
serious cholangitic troubles, or of any tendency to the recidivation of the 
stenosis. 

We have introduced a second method (Fig. 3) for the treatment of odditis. 

After having performed an exploratory choledochotomy, a longitudinal 
duodenotomy is made and an Oddi sphineterotomy is performed. A straight 
rubber tube is then introduced into the common duet through the dilated 
papilla of Vater and pushed up to the junction of the two hepatic ducts; this 
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tube has many holes for the tract in which it passes in the common duct and 
the second portion of the duodenum; the other extremity is passed through a 
small gastrostomy made on the anterior wall of the mesogastrie region of the 
stomach. Leakage from the stomach is avoided by a double silk suture around 
the tube; the ends of the second silk suture are fixed to the parietal peritoneum 
and knotted in tension over gauze on the external laparotomy wound. We 
then very carefully suture the longitudinal incision of the common duet with 
silk over the upper part of the tube, which passes down through the common 
duct to the margin of the papilla of Vater, where it emerges into the duo- 
denum. We suture the duodenum transversally. 


Fig. 2.-A rubber tube fenestrated in the part which runs in the choledochus; after going 
arongh the papilla, the tube enters into the duodenum; the other extremity comes out to the 
erior. 


In the peritoneal cavity we leave a rubber drainage tube against the duo- 
denum and the common duet. 

During the first few days following the operation, 450 to 500 ml. of bile 
mixed with gastric and pancreatic juices flows through the rubber tube to the 
outside, but after postoperative intestinal paresis has passed and intestinal 
canalization has commenced, the liquid becomes clearer and seareer. The 
tube which exits from the stomach, besides draining bile, is also useful for 
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the drainage of the gastric cavity, thus substituting very advantageously for 
the nasogastric drainage tube, which is poorly tolerated by some patients, 
After the seventh or eighth postoperative day, we close the external rubber 
drainage tube to eliminate the loss of gatroduodenal juice, and about twenty 
days after surgery we proceed to extract the tube. 

Exerting a progressive traction on the two silk ends knotted to the gauze, 
we completely close the small gastrie incision, which heals very soon. 

The operation has the same aims as those previously described: external 
and internal bile drainage and modeling of the ineised stenotic tract to a 
sufficient caliber. 


Fig. 3.—Transcholedochoduodenogastric tube in situ. The tube is fenestrated in the tract 
corresponding to the choledochus and duodenum; it is fixed with three stitches to the already 
dilated papilla; in the upper part, after having passed the cystic duct, it almost reaches the 


— of the two hepatic ducts. Three stitches close the common duct incision over the rub- 
r tube. 


It offers the advantage of ensuring, in all cases, a perfect bile drainage, 
and of preventing flow of bile into the peritoneal cavity and the necessity of 
keeping a nasogastric drainage tube in place during the first postoperative 
days. 

This method, and this method only, permits in every case the so-called 
‘‘ideal choledochotomy,’’ that is, the immediate suture and perfect per primam 
healing of the incision in the common bile duct; this suture is also protected 
by a removable tubular prosthesis after the definitive cicatrization. 

The characteristics of this drainage practically eliminate all the possi- 
bilities of postoperative cicatricial stenosis of the choledochus; in other words, 
while the method has all the advantages of the lost tubular drainage, it does 


‘ 
: 
. 


Volume 36 FIBROUS STENOSIS OF COMMON BILE DUCT 73 
Number 

not have the disadvantages, because as soon as the functions for which the 
tube was set have been carried out, it is removed. 


The operations generally responsible for postoperative stenosis are chole- 
eystectomy and gastrectomy. Cholecystectomy carries the risk of clamping, 
ligating, or of partially or totally removing the common bile duct during the 
course Of an operative hemorrhage; gastrectomy, in its turn, presents the risk 
of damaging the end of the common duct due to anomalies in the relationship 
of the duct and the duodenum, or because of deep duodenal ulcers which may 
require an extensive isolation of the duodenum where it adheres to the 
pancreas. 

We can consider five types of postoperative cicatricial stenosis which re- 
quire surgical treatment. 

1. Stenosis of limited extension with simple reduction of the biliary lumen 
(eleven cases). 

2. Limited losses of substance or closed and briefly extended stenosis of 
the biliary tract (eight cases). 

3. Closed stenosis or great loss of substance of the principal biliary tract, 
but with the conservation of a stump of the hepatic duct (six cases). 

4. Double biliary stenosis (five cases). 

’. Complete destruction of the common bile duct (four eases). 

In the case of stenosis of limited extension with simple reduction of the 
biliary lumen, we perform a plastic operation, enlarging the biliary lumen by 
a longitudinal incision and a transverse everting suture over a tube prosthesis 
pushed into the duodenum. . 

In the case of loss of substance and in closed, briefly extended stenosis 
of the common bile duct, we perform a resection of the stenotic tract and we 
reconstruct the principal biliary tract with a biliobiliary suture over a tube 
prosthesis. 

In eases of closed stenosis, or of notably extended loss of substance of the 
common bile duct, but with conservation of a stump of the hepatie duct, we 
perform a terminolateral hepaticoduodenostomy or a hepaticojejunostomy to 
the jejunum, which is defunctionalized by an enteroenterostomy. In cer- 
tain cases we have performed the operation described by Lahey and Cattel, 
consisting of an anastomosis of the hepatic stump to the terminal retroduo- 
denal and intrapancreatic common duet, which has been previously isolated by 
mobilizing the duodenum. 

In eases of double biliary stenosis, the first primary of the papilla and 
the second postoperative at the level of the supraduodenal tract of the com- 
mon bile duct (Fig. 4), it is very important to recognize the anatomopathologic 
findings during the operation, because, obviously, the omission of recognition 
of one of the stenotic points leads to failure. 

Sometimes, in fact, in patients already operated upon for cholecystectomy, 
we proceed to a new operation with a diagnosis of odditis, and we really find a 
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very dilated common duct and an evident stenosis of the papilla of Vater. 
We can also observe that the bile flux from the open common duct is almost 
immediately interrupted, or it continues very feebly. If we sound toward the 
upper part of the common biliary duct, we find, just near the hilum, a second 
stenosis, due to a lesion produced during the first surgical procedure, a steno. 
sis which we will proceed to dilate as previously described and, at the same 
time, we will proceed to perform an Oddi’s sphincterotomy through the duo- 
denum. 


Fig. 4.—Typical double stenosis of the common biliary duct. A, Postoperative cicatricial 
stenosis, almost reaching the junction of cystic duct and the choledochus. 8B, Primary steno- 
sis due to scleroretractile odditis. 

In our first cases we drained with a T tube, the transversal branch of 
which had small lateral holes which favored the fiux of the bile into the duo- 
denum. At present, we prefer to introduce a fenestrated tube into the com- 
mon duct and the duodenum and send it through the stomach, from which it 
exits with the technique described (Fig. 3). We can then completely suture 
the common duct upon the drainage tube, avoiding the direct drainage of the 
common duct with a T tube, which holds the dangerous possibility of lacerat- 
ing the duct when it is pulled out. 

The tube prosthesis can be of various types. 

If it seems advisable to drain bile temporarily to the exterior, one should 
use a long T tube, the long end of which comes out of the choledochus through 
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an incision made in the healthy duct above or below the biliobiliary suture. 
One of the ends of the transverse part of the T tube must surely reach into the 
duodenum: in cases of contemporary terminal stenosis (scleroretractile oddi- 
tis), it is necessary to perform a transduodenal sphincterotomy of the papilla. 
As we have previously described, all the transverse tract of the T tube must 
be fenestrated in order to favor the bile reflux into the duodenum. 

In eases, however, in which we have left a prosthesis in situ to convey 
the bile immediately to the duodenum, we have used polythene tubes; we be- 
lieve that this material is tolerated better than rubber; care must be taken 
that its distal extremity extends for quite a distance into the duodenum, and 
after some time intestinal peristalsis removes it. 

Il 

Cases of complete destruction of the common bile duet need separate com- 
ment. These can be due either to surgical extirpation because of gross mis- 
takes by the surgeon or, more frequently, to pathologie conditions which fol- 
low accidental lesions which pass unobserved during the operation. In such 
cases, the lesions of the biliary tract are followed by an overflowing of the 
bile and of the pancreatic juice, which, becoming infected, cause maceration 
and digestion of the extrahepatic biliary tract. The formation of a biliary 
fistula, external or internal, usually follows. Afterward, when the cicatriza- 
tion of the proximal biliary tract occurs, there is also a total jaundice. In such 
cases the destruction of the extrahepatie biliary duet can be complete, because 
this destructive process stops only when it has arrived at the hepatic hilum 
or at the retropancreatice portion of the common duct. 

In these cases, completely lacking the common bile duet, we have designed 
and employed an operation, since 1946, when it was first used, called intra- 
hepatoductogastrostomy. 

This operation consists of anastomosis of the central intrahepatic biliary 
duct of the left lobe of the liver to the stomach. To obtain this intrahepatic 
duct, we cut one-half or two-thirds of the left hepatic lobe on a sagittal plane 
(Figs. 5, 6, 7, and 8). 

After having isolated the left lobe of the liver by dissecting the hepato- 
diaphragmatic ligament, and while an assistant -holds the base of the lobe 
pressed between two fingers, the surgeon freely cuts the parenchyma with the 
bistoury. The few large vessels are clamped separately, while the parenchy- 
matic hemorrhage is easily mastered with U-shaped stitches. The main lobar 
duet or central collecting duet of the left lobe is, naturally, very dilated, owing 
to the presence of biliary stasis; as a result of this, it is easy to see the biliary 
duet and to isolate it for 2 em. We then proceed with the terminolateral 
anastomosis between the free end of the previously isolated intrahepatic 
biliary duct and the anterior wall of the stomach at the nearest point in such 
a way as to avoid traction on the biliogastrie anastomosis. 

We completely incise, for 1 em., a tract in the anterior wall of the stomach, 
which is fixed and clamped by a Doyen intestinal compressor. 
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Fig. 5.—Intrahepatoductogastrostomy technique. The lateral two-thirds of the left liver 
lobe is cut on an anteroposterior sagittal plane; clearly visible are the stump of the principal 
lobar biliary duct and the small incision made in the gastric wall, to be anastomosed to the 
duct. 


Fig. 6.—Intrahepatoductogastrostomy technique. Having checked the parenchymal hem- 
orrhage with U-shaped stitches, the posterior suture of the anastomosis is started between the 
stump of the intrahepatic duct and the small incision made in the gastric wall. This suture, 
as described in the text, is shown here in detail. 
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Fig. 7.—Intrahepatoductogastrostomy technique. The biliogastric anastomosis is finished. The 
figure illustrates the external plane of the anastomosis and the lower planes in section. 


Fig. 8.—Intrahepatoductogastrostomy technique. Various stitches between the perihepatic 
and the seromuscular wall of the stomach, which ensure perfect stability and protection to 
the lower suture. The drawing shows the details of the suture. 
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We then proceed to the suture of the stump of the intrahepatic duet, 
from which abundant bile flows, and the small opening made in the stomach, 
We have always used separate silk stitches, and carried out a double-layered 
suture; the suture between the free edge of the biliary duct and the mucous 
membrane of the stomach must be especially accurate. 

With various final stitches between the perihepatic and the seromuseular 
wall of the stomach, one ensures a perfect stability and protection of the deep 
suture. 

After the first case, operated upon in 1946, we found it necessary to use 
this method in five other cases, always with great success. 

In not one case did we observe gastrohepatie reflux, the presence of angio- 
cholitis, or secondary stenosis of the biliogastric anastomosis. 

After our first two operations, we read in medical papers that Longmire 
of Baltimore had performed an operation based on similar principles, although 
with a different technique. He performed an anastomosis between the intra- 
hepatie duct and the jejunum: cholangiojejunostomy. 


SUMMARY 


It seems to us that the operation of sphincterotomy and plastic surgery of 
the papilla of Vater, with temporary transcholedochopapillary biliary drain- 
age, both external and internal, is ideal when dealing with lesions of the 
choledocho-odditis type, because it conserves the sphineter of Oddi in its 
physiologic function, a true safety valve and protection of the biliary duets 
against the possibility of cholangitis arising from alimentary reflux. 

On the other hand, intrahepatoductogastrostomy, first devised by us and 
carried out since 1946, constitutes the only possible surgical treatment which 
is efficacious in cases of complete destruction of the common bile duct. These 
eases could not be treated up to some years ago. 
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THE EFFECT OF STATURE UPON THE POINT OF ORIGIN OF 
THE INFERIOR MESENTERIC ARTERY 


Meyer ©. Cantor, M.D., Derrorr, Micnu. 


(From Grace Hospital) 


N AN effort to increase the percentage of five-year cures for the surgieal 

treatment of carcinoma of the rectum, rectosigmoid, or lower colon, many 
surgeons have thought it essential that ligation of the blood supply to these 
anatomie parts be as high as possible. For this reason, it was thought that 
ligation of the inferior mesenteric artery as close to the aorta as possible and 
the removal of the lymph nodes along the inferior mesenteric artery and its 
tributaries, as well as those on the aorta itself, might appreciably increase the 
percentage of five-year cures. 

In recent years, Bacon and Trimpi,’:? Ault, Castro, and Smith, * and 
many others** have published papers on this subject. All stressed the im- 
portance of ligation of the inferior mesenterie artery as close to the aorta as 
possible in selected cases in order to remove all the lymphatics distal to the 
aorta. Bacon especially has been extremely interested in this specific procedure 
and has performed 168 ligations of the inferior mesenteric artery in the course 
of resection of the left colon. Baecon* stated that of ninety specimens which 
were cleared and met the necessary requirements of high ligation of the in- 
ferior mesenterie artery, 17 per cent showed lymph nodes high. It is quite pos- 
sible that this group of patients (17 per cent) might be salvaged by the ex- 
tended removal of all the superior gland-bearing areas. Bacon stressed the 
fact that ligation of the inferior mesenteric artery is not a new procedure. 
As far as is known it was first practiced by Moynihan’ in 1908, linsterer™ 
reported in 1918 that he too had ligated the inferior mesenterie artery in the 
performance of resection of the left colon. Another report by Lockhart- 
Mummery"! was made in 1923. 

The 168 patients operated upon by Bacon and his associates probably rep- 
resent the largest series of cases of this type to date. It is especially signifi- 
eant that 17 per cent of the ninety specimens had high lymph nodes. It 
would seem that section of the inferior mesenteric artery distal to the point 
of origin would certainly have permitted malignant-bearing lymph nodes to 
remain in this group of patients. The surgeon would have been faced with a 
17 per cent failure rate at the very onset of treatment. 

The same enthusiasm for high ligation of the inferior mesenteric artery is 
shared by Ault and his associates. Their studies on the anatomy of the in- 
ferior mesenteric artery and their measurements between the point of origin 
of the inferior mesenteric artery and the promontory of the sacrum, and be- 
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tween the origin of the artery and the bifurcation of the aorta, confirmed 
Goligher’s'* earlier studies. Knowing exactly where the inferior mesenteric 
artery arises from the aorta would permit the surgeon to find this point of 
origin without difficulty. In the obese patient, where the retroperitoneal 
tissues contain a considerable amount of fat, such exact localization is helpful. 
Ault and his associates ineasured the point of origin of the inferior mesenteric 
artery in forty-eight patients, and quoted Goligher, who studied seventy-five 


pathologic specimens. 

It was noted by these workers that the inferior mesenteric artery arose 
from the aorta 3.75 em. from the bifureation of the aorta and 10 em. from the 
promontory of the sacrum. In over one-half of the specimens, the left colic 
and the first sigmoid arteries arose conjointly at the bifureation of the aorta, 
approximately 3.75 em. from the aortie origin of the inferior mesenteric artery. 
In thirty of the specimens the sigmoid artery arose separately 1.25 em. to 
L87 em. distal to the point of origin of the left colie artery. This point of 
origin would therefore be from 4.4 em. to 5 em. proximal to the sacral promon- 
These were average measurements for the acceptable point of ligation of 
No mention was made by any of the authors in 


tory. 
the inferior mesenteric artery. 
regard to the possible anatomic variations in the point of origin of the inferior 


mesenteric artery with the stature of the patient. 

In an effort to clarify further the point of origin of the inferior mesenteric 
artery so as to facilitate its location by the operating surgeon, I attempted to 
correlate the point of origin of the inferior mesenteric artery with the fixed 
points of the bifureation of the aorta and the promontory of the sacrum, and 
the stature and weight of the patient. The only purpose of noting the weight 
of the patient was to determine whether the physical habitus of the individual 
might have some bearing on the distance between these fixed points. It was 
thought possible that variations in size of the patient might produce varia- 
tions in the length between the bifureation of the aorta and the inferior mesen- 
teric artery, as well as between the promontory of the sacrum and the inferior 


mesenteric artery. 


METHOD 


autopsy specimens furnished the material for this study. 
abdomen was opened. An ineision was 
and the left colon and sigmoid were re- 


Fifty-two fresh 
As soon as possible after death, the 
made along the left pericolic gutter, 
flected medially, as would be done in the performance of an abdominoperineal 
resection, until the long axis of the colon lay along the midline of the abdo- 
men. The aorta was then dissected free and the point of origin of the in- 
ferior mesenteric artery was noted. This point of origin was then used as 
one fixed point. The bifureation of the aorta and the promontory of the 
sacrum constituted the other fixed points. In addition, the exact location of 
the point of origin of the inferior mesenteric artery was noted with relation 
to the aorta, as to whether it arose in the center of the aorta, on the right 
side of the aorta, or on the left side of the aorta. The sex, age, height, and 


weight of each subject were then noted. 
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RESULTS OF FIFTY-TWO DISSECTIONS 


| | | PROMONTORY- | BIFURCATION. 
INFERIOR INFERIOR 
| WEIGHT | MESENTERIC | MESENTERIC 

PATIENT RACE AGE SEX | HEIGHT (POUNDS) | ARTERY (CM.) | ARTERY (CM,) 
1 N 1 mo. M 1’ 6” 8 4 i= tae 
2 1 mo. M 11 + 1.5 
3 N 2 mo. M ar? 10 4.4 1.25 
4 WwW 1% mo, F 30” 11 1.1 
5 N 4 mo. Fk 2’ 6” 14 6.5 2.2 
6 WwW 4+ mo. 101%” 15 + 1.5 
7 Ww 1 yr. M 2’ 5” 25 6.25 1.25 
8 Mexican 4 yr. M 3’ 7%,” 40) 8.1 3.1 
9 Ww 5 yr. F 3’ 6” 35 Ss 2.5 
10 W110 yr. F 3’ 10%” 60 7.5 { 
11 W 83 yr. F 4’ 101%” 115 10 } 
12 WwW 80 vr. F 4’ 11” 80 7.5 3.75 
13 WwW 50 yr. M 5’ 150 10.5 4.5 
14 N 20 yr. F 5’ 2” 120 9 3.0 
15 N 35 yr. F 5’ 3” 120 8.75 3.75 
16 Ww 15 yr. F 5’ 4” 120 10.5 4 
17 W 34 vr. F 5’ 4” 125 10 3 
18 WwW 60 yr, M 5’ 4” 135 9 2 
19 Ww o4 yr. M 5’ 4” 155 8 4 
20 Ww 70 yr. M 5° 4% 135 10 3.75 
21 WwW 55 yr. M 5’ 5” 135 10.1 2.9 
22 WwW 70 yr. M 5’ 5” 140 12.5 4.3 
23 WwW 49 yr. M 5’ 5% 165 11 5 
24 N 20 yr. F 5 6” 130 8.7 3.7 
25 Ww 62 vr. LD 5’ 6” 130 10.1 3.2 
26 WwW 66 vr. M a 6” 140 10 3.75 
27 W 65 yr. M 5’ 614" 165 11 5 
28 WwW 70 yr. F 120 10 4.5 
29 WwW 50 yr. M o 7" 150 1] 6 
3 WwW 68 vr. M 5 7” 160 10 3.5 
31 WwW 70 vr. M 165 
32 Ww 36 vr. M 170 11 
33 Ww 56 yr. M i ad 190 10.1 3.9 
34 Ww 67 vr. M 150 10 4 
35 WwW 56 yr. M 5’ 8 155 11.25 3.1 
36 Ww 26 vr. M 5’ 8’ 190 8 3 
37 N 62 yr. M 5’ 8 185 8.5 3.5 
38 N 50 yr. F ssf 200 9.37 25 
39 WwW 60 vr. M 135 9.5 1.5 
40 N 50 yr. M 5’ 9” 150 10 5 
41 N 56 yr. M 5’ 9” 175 12 4.5 
42 W 53 vr. M > 2” 190 11.5 5.5 
43 W 51 vr. M 5’ 9 174 12.5 5.6 
44 N 59 yr. F o = 180 10 § 
45 WwW 42 vr. M 5’ 914,” 175 1] 3.0 
46 WwW 52 yr. M 5’ 9144” 210 12 5.5 
47 N 41 yr. M 5’ 944” 235 9 4.5 
48 WwW 60 yr. M 240 12 4 
49 N 45 yr. M e 7 185 10 4 
50 W 42 yr. M Se i” 225 11.25 3.75 
51 W 62 yr. M 2" 240 12 4.5 
52 WwW Bd yr. M 6’ 214” 255 13.1 5 


On examination of the data in the table, it can be noted that the fifty-two 
subjects ranged in age from 1 month to 83 years. The purpose of this phase 
of the study was to determine whether the age of the patient would affeet 
in any way the distance between the bifurcation of the aorta to the origin of 
the inferior mesenteric artery or the distance between the promontory of the 
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sacrum to the inferior mesenteric origin. The first ten patients ranged in 
age from 1 month to 10 years. In this age group, the height of the patient 
ranged from one foot, ten inches to three feet, ten and one-half inches. In 
correlating the distance between the fixed points in question, it can be noted 
that these measurements are fairly constant, the inferior mesenteric artery 
origin to the promontory of the sacrum being 4 em. in the 1- and 2-month-old 
infants, and the distance between the bifureation of the aorta to the origin 
of the inferior mesenteric artery ranging from 1.2 em. to 1.5 em. These figures 
held true for the 1- and 2-month-old infants. One subject 4 months of age 
was one foot, ten and one-half inches tall, and the measurement between the 
promontory of the sacrum and the point of origin of the inferior mesenteric 
artery was 4 em. In the same body, the distance from the bifurcation of the 
aorta to the point of origin of the inferior mesenteric artery was 1.5 em. These 
are the same measurements obtained in the l-month-old infant. This is under- 
standable when it is noted that the 4-month-old infant measured only one foot, 
ten and one-half inches, which is the same size as the 1-month-old infants. 
This suggested the possibility that the height or length of the patient might 
be correlated with the distance between the promontory of the sacrum and 
the inferior mesenteric artery, as well as between the bifurcation of the aorta 
and the inferior mesenteric artery. 

There were thirteen Negro and thirty-nine white subjects. The bodies were 
tabulated Negro or white in order to determine whether there was any dif- 
ference in the various races as to the point of origin of the inferior mesenteric 
artery. It can readily be noted by examining the tabulated data that race 
plays no part whatsoever in the point of origin of the inferior mesenteric 
artery. There was no difference between the races. 

In reviewing the entire group of forty-two adult subjects, it becomes 
evident that the age of the patient in no way influences the distance between 
the promontory of the sacrum and the inferior mesenteric artery or the dis- 
tance between the bifurcation of the aorta and the inferior mesenteric artery. 
On one patient 83 years of age and four feet, ten and one-half inches tall, it 
was found that the distance from the promontory of the sacrum to the origin 
of the inferior mesenteric artery was 10 em., whereas the distance between the 
bifureation of the aorta and the origin of the inferior mesenteric artery was 
4 em. It was thought that possibly the shrinking effect of the advanced age 
might shorten these measurements. This was shown not to be the case because 
in a patient 20 years old and five feet, two inches tall it was found that the 
distance between these fixed points was 9 em. for the sacral promontory-in- 
ferior mesenteric artery distance and 3.5 em. for the bifureation of the aorta- 
inferior mesenteric artery distance. It would seem, therefore, that even 
though this series is a small one, that the age per se has no influence whatso- 
ever on the point of origin of the inferior mesenteric artery. 

In reviewing the data with regard to sex, it will be noted that thirty- 
six of the subjects were males and sixteen were females. In comparing the 
distance between the promontory of the sacrum and the inferior mesenteric 
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artery in the females as compared to the males, it will be found that there is 
little or no difference. The same is true for the distance between the bifurea- 
tion of the aorta and the inferior mesenterie artery. 

An attempt was then made to correlate the size of the patient with the 
distance between the promontory-inferior mesenteric artery and the bifurea- 
tion of the aorta-inferior mesenteric artery. We suspected that there might 
be a considerable variation, because it was shown in infants and children that 
as the infant grew from 1 month old to 4 months old there was an increase in 
the distance between the promontory of the sacrum to the inferior mesenteric 
artery or from 4 em. in the 1l-month-old to 6.5 em. in the 4-month-old. Simi- 
larly, there was an increase in the distance between the bifureation of the aorta 
and the origin of the inferior mesenterie artery of from 1.2 em. in the 1-month- 
old to 2.2 em. in the 4-month-old. These distances could be correlated with 
increase in size, because the l-month-old infants were one foot, six inches tall 
whereas the 4-month-old was two feet, six inches tall. It may also be noted 
that one infant 4 months old was only one foot, ten inches tall, approximately 
the size of a l-month-old. In this specific 4-month-old infant, the distance 
between the promontory of the sacrum to the origin of the inferior mesenteric 
artery was 4cem. This is the same as in the l-month-old of the same size. The 
distance between the bifurcation of the aorta and the origin of the inferior 
mesenteric artery was 1.5 em. This is the same as in the l-month-old. This 
suggested that with an increase in size there might be an increase in the dis- 
tance between these fixed points. 

The remaining forty-two adult subjects ranged in age from 15 years to 
83 years and ranged in size from four feet, ten and one-half inches tall to six 
feet, two and one-half inches tall. It may be noted on examination of the 
tabulated data that the bodies were tabulated in the order of increasing size. 
A review of these bodies, when considered from this point of view, shows 
that although there is some variation in the distance between the fixed points 
in question, that size per se is not the deciding factor. In fact, we must con- 
clude that there is no correlation at all between the size of the patient and the 
distance between the bifurcation of the aorta and the point of origin of the 
inferior mesenteric artery. The same is true for the promontory of sacrum- 
inferior mesenteric artery distance. In these forty-two subjects, the distance 
between the bifureation of the aorta and the point of origin of the inferior 
mesenteric artery ranged from 2 em. to 6 em. The body presenting the 2 em. 
distance between the bifureation of the aorta to the origin of the inferior 
mesenteric artery was five feet, four inches tall. Other bodies of the same 
height or shorter were found to present 4 em. and 4.5 em. distances for these 
fixed points. The same measurements were found for these fixed points in the 
six feet, one inch bodies. It thus becomes evident that the size of the patient 
could not be correlated with the distance between the bifureation of the aorta 
and the point of origin of the inferior mesenteric artery. The best that one 
could hope to do would be to look for this point of origin somewhere between 
2 em. and 6 em. from the bifurcation of the aorta, regardless of the size of the 


patient. 
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The distance between the promontory of the sacrum and the point of 
origin of the inferior mesenteric artery was found to range from 7.5 em. to 
13.1 em. Although the 13.1 em. measurement was found in the tallest body, 
six feet, two and one-half inches, the remainder of the bodies showed no cor- 
relation whatever between size and the distance between these fixed points. 
In a body four feet, ten and one-half inches tall, a measurement of 10 em. was 
obtained, and in a body six feet, one inch tall, the same measurement of 10 cm. 
was found. Here again, the best that one could hope to show was the fact that 
in this series of forty-two subjects the distance between the promontory of 
the sacrum and the point of origin of the inferior mesenteric artery ranged 
from 7.5 em. to 13.1 em. and should be looked for anywhere in this area regard- 
less of the size of the patient. 

An attempt was made to note the point of origin of the inferior mesenteric 
artery as to its specific localization on the surface of the aorta. In several 
infants, the inferior mesenteric artery was found to arise from the right edge 
of the aorta. In studying this point further, it was found impossible to be 
certain as to the exact site of origin because, the aorta being collapsed, the 
point of origin of the artery was misleading. Unless the aorta were completely 
filled, one could not determine at exactly what point on its surface the in- 
ferior mesenteric artery arose. For this reason, no exact percentage deter- 
minations were made, but we merely noted roughly whether the artery ap- 
peared to arise in the middle of the anterior surface of the aorta, in a right 
paramedian, or left paramedian position, or in a right or left lateral position. 
When judged in this fashion, it was found that most of the inferior mesenteric 
arteries arose in the exact middle of the anterior surface of the aorta. A few 
arose in the right and left paramedian positions and still fewer arose in the 
right lateral position. 

CONCLUSIONS 


1. There is no correlation between the sex of the patient and the distance 
between the inferior mesenteric artery origin and the bifureation of the aorta 
or the promontory of the sacrum. 

2. There is no correlation between the age (in adults) and the distance be- 
tween the promontory of the sacrum or bifureation of the aorta and the point 
of origin of the inferior mesenteric artery. 

3. There is no correlation between the size of the patient and the distance 
between the bifureation of the aorta or promontory of the sacrum and the 
point of origin of the inferior mesenteric artery. 

4. The bifurcation of the aorta was found to be from 2 em. to 6 em. from 
the point of origin of the inferior mesenteric artery. 

5. The promontory of the sacrum was found to be between 7.5 em. and 
13.1 em. from the point of origin of the inferior mesenteric artery. 


REFERENCES 


1. Bacon, H. E., McElwain, J. W., and Trimpi, H. D.: Surgical Management of Large 
Bowel Lesions, Bull. New York Acad. Med. 29: 34-46 (Jan.) 1953. 


is | 

ca- 

he 

ht 

at 

in | 

‘ie 
Li- 

ta | i 

th 7 
ll 

d 

y 

e 


86 


10, 
11. 


. Goligher, J. C.: The Blood Supply to the Sigmoid, Colon and Rectum, Brit. J. Surg. 37: 


CANTOR Surgery 
July, 1954 


. Bacon, H. E., and Smith, C. H.: The Arterial Supply of the Distal Colon, Ann. Surg. 


127: 28-33 (Jan.) 1948. 


. Ault, G. W., Castro, A. F., and Smith, R. S.: Carcinoma of the Upper Rectum and 


Recto-sigmoid, Postgrad. Med. 8: 176-183 (Sept.) 1950. 


. Ault, G. W., Castro, A. F., and Smith, R. 8.: Clinical Study of Ligation of the Inferior 


Mesenteric Artery in Left Colon Resections, Surg., Gynec. & Obst, 94: 223-298 
(Feb.) 1952, 

Gilchrist, R. K.: Indications Regarding Operations for Cancer of the Distal Colon and 
Rectum, SURGERY 27: 787-789, 1950. 

Grinnell, R. S.: Lymphatic Metastasis of Carcinoma of the Colon and Rectum, Ann, 
Surg. 131: 494-506, 1950. ; 

Gilchrist, R. K., and David, V. C.: Prognosis in Carcinoma of the Bowel, Surg., Gynee, 
& Obst. 86: 359-371 (Mar.) 1948. 


. Bacon, H. E.: Personal communication. 
. Moynihan, B. G.: A Surgical Treatment of Cancer of Sigmoid Flexure and Rectum, 


With Special Reference to Principles to Be Observed, Surg., Gynec. & Obst. 6: 


463-466, 1908. 

Finsterer, H.: Personal communication to Bacon.? 

Lockhart-Mummery, J. P.: Technique of Resection and Anastomosis of Colon for 
Tumor, Proc. Roy, Soc. Med. 16: 69-81 (Aug.) 1923. 


157-162 (Oct.) 1949. 


5. 

6. 


THE BKOSINOPHILIC RESPONSE TO SURGERY 


James A. Il], M.D., Bruck R. Hernzen, M.D., AND 
MarGizt Pirer, New York, N. Y. 


(From the Second Surgical |Cornell| Division, Bellevue Hospital) 


ANY workers'* have shown that surgical operations initiate an increased 
M production of the 11-17 oxyglucocorticoids by the adrenal cortex, result- 
ing in a profound drop in the blood eosinophils. The exact nature of this drop 
is still not clearly understood; however, changes in the total circulating eosino- 
phils in patients with intact adrenals are now widely accepted as a practical 
measure of adrenal cortical activity. 

This constitutes a study based on the eosinophilic response of fifty surgi- 
eal patients on our wards carried out in 1950-1951. In view of recent publi¢a- 
tions concerning this response, we present our findings in confirmation thereof. 

Methods.-In an effort to minimize errors, all counts were performed by 
the same technician or by one of the surgical residents trained in this tech- 
nique. All counts were taken at approximately the same time of day (9:00 
to 10:30 a.m.) with blood from the finger tip. In the beginning, two pipettes 
and two counting chambers were used for each count, but so little variation 
was found that we subsequently used only one. Randolph’s’? method was used 
for the dilution and staining. Whenever possible, two or more preoperative 
eosinophil counts were taken and the results averaged. Counts were taken 
daily for the first four postoperative days and in most instances through the 
seventh. In cases involving major surgery, where prolonged hospitalization 
Was necessary, additional counts were performed. 

Preoperative Eosinophil Levels —Of the fifty patients studied, eight had 
a level below 50 per cubic millimeter. Five of these eight patients had fractured 
hips, one was a highly nervous young girl, and two had metastatic carcinoma 
and were in a very depleted condition on admission. The average count of the 
other forty-two patients was 245 per cubie millimeter, with a range of 67-1,033. 
All those counts below 100 per eubie millimeter which were not manifestations 
of a preoperative complication (fracture, acute appendicitis, and so forth) rose 
by the fourth postoperative day to well above the initial level, indicating that 
the stress of hospitalization was probably sufficient to cause an eosinopenia. 

Results.—We chose for our study patients undergoing any type of surgery. 
The variety of operations this necessarily encompassed does not make a detailed 
listing of our results practical. Of the fifty patients studied, all but -eleven 
showed the typical fall on the first postoperative day. Four of the eleven had 
fractured hips with 0 or near 0 counts initially, and four were apprehensive 
types with low admission counts, as evidenced by a rise during convalescence 
to double the original count. The remaining three patients in this group will 
be discussed. 7 
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The average percentage fall for patients undergoing minor surgery was 
68 per cent, and for major procedures 91 per cent. All counts returned to 
normal by the third or fourth postoperative day except in those patients who 
developed complications. We noted no consistent relationship between the 
eosinophil response and the age of the patient. At least 40 per cent of the pa- 
tients showed the ‘‘backswing overshoot’’ described by Moore® on the sixth 
or seventh postoperative day. Some we probably missed, as counts were not 
always taken daily after the fourth postoperative day. 
Discussion —Fig. 1 is an example of the normal postoperative eosinophilic 
response to the trauma of surgery. 
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Fig. 2 shows the response in the instances of the two deaths we encoun- 
tered in our study. Both were elderly men (81 and 78 years old, respectively), 
one admitted with a fractured hip and the other with carcinoma of the stonr 
ach with omental metastasis. Patient L. M., whose count rose on the first 
postoperative day and remained elevated, died of a coronary occlusion five 
days later. This patient might have had adrenal failure, in which ease he 
would have benefited from cortisone therapy. Patient G. S. showed a transi- 
tory rise on the first day, but of insignificant proportions if one applies the 
formula of Berkson and associates’ for inherent error in blood counts. By the 
third day the count had fallen to 0 and remained 0 until his demise. This sug- 
gested adequate secretion of corticoids. A post-mortem examination was not 
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obtained, so that the exact cause of death could not be ascertained, but the 
probable cause was a pulmonary infaret. This case clearly indicated the need 
for a more accurate method of testing the adrenal reserve than eosinophil 
changes. If we had followed his corticoid excretion, cortisone therapy might 
have been indicated. 
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lig. 3 is the graph of Patient H. B., a 26-year-old man with a diffuse toxic 
goiter. Ile showed an increase of 144 per cent on the first postoperative day, 
with a subsequent rise of 240 per cent by the fifth and no complications to 
warrant such a rise. This patient had received nearly 32,000 mg. of propyl- 
thiouracil over a period of sixty-seven days, apparently a sufficient amount to 
result in the atrophy of the fasciculi of the adrenals.* ® The suppression of 
the production of thyroid hormone by thiouracil causes an involution of the 
adrenal cortex and a lowered seeretion of ketosteroids.’° The removal of 70 
to 80 per cent of the thyroid tissue probably caused an additional decline in 
ketosteroid secretion, as evidenced by the rise in total circulating eosinophils. 
Counts taken two weeks and one month postoperatively averaged 93 per cubic 
millimeter or 34 per cent of the original count. This probably indicates a re- 
covery from cortical atrophy, as reported by Baumann and Marine® and Deane 
and Greep.’’ It is of interest to note here that we had another patient (T. D.) 
with hyperthyroidism, also treated with thiouracil, but who showed the normal 
response. T. D. received only 20,200 mg. of thiouracil over a period of forty- 
four days. Mieroseopie examination of H. B.’s thyroid tissue showed marked 
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hyperplasia with involution, whereas T. D.’s showed adenomata with ealeifi. 
cation. 

Fig. 4 is a graph of patients who had a delayed return to normal level 
of circulating eosinophils. All had postoperative complications, either of a 
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mechanical or nutritional nature. One must bear in mind in evaluating eosino- 
phil counts the variety of stimuli affecting their level. Two of the patients 
in this graph had nothing to explain the prolonged low level except the failure 
to eat properly, and consequently were suffering from nutritional deficien- 
cies." ** 


SUMMARY AND CONCLUSION 


The results of a study on the response of the total circulating eosinophils 
in fifty surgical patients are presented. 

Graphs and discussion of normal and complicated cases are included. 
The need for a better test for adrenal cortical reserve is pointed out. 
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EVALUATION OF DERMATOMES 


,APTAIN JOHN H. Davis, Corps, UNrrep States Army,* 
Fort Sam Houston, TEXAs 


(From the Surgical Research Unit, Brooke Army Medical Center) 


LTHOUGH there is evidence that skin grafting was practiced by the early 

Hlindu physicians and perhaps by the Italian surgeon Amabile (cirea 
1850), it was Reverdin’s report in 1869 on the transplantation of small epithe- 
lial grafts that popularized skin grafting as it is known today. Thiersch and 
Ollier, working independently, were successful in transplanting much larger 
sheets of split-thickness skin, and Wolfe (1875) demonstrated that whole- 
thickness skin could be transplanted with a successful ‘‘take’’ of the graft. 

Reverdin originally believed that a skin graft could be placed only on 
the granulating surface; however, it was shown by others in subsequent years 
that skin could be placed directly on the surface of a fresh wound and a sue- 
cessful take could be expected. 

Most of the advances in skin grafting since this early work have been 
made in the development of better methods of cutting skin and in the wider 
usage of various types of grafts for the repair of soft tissue defects. 

The standard skin-cutting instruments have been utilized by the members 
of the Burn Study Section of the Surgical Research Unit, and a review of 
some of the advantages and disadvantages is presented in order that surgeons 
who are inexperienced in the skin grafting of burns may be aided in their 
selection of an appropriate instrument. This report is not meant to be either 
authoritative or final, but is merely a presentation of the point of view of a 
group of surgeons who have had extensive experience in skin grafting severely 
burned patients. 

GENERAL PRINCIPLES 


That deficiency of some of the chemical constituents of the body ean delay 
wound healing has been established, and for this reason, it is important that 
the patient be in the best possible physical condition at the time of skin graft- 
ing. 

Because of the wide expanse of skin that is exposed during the cutting 
of a skin graft, there is a tendency, by surgeons who are otherwise very care- 
ful in the preoperative preparation of the patient’s skin, to ignore the prin- 
ciples of aseptic technique. Although the importance of bacteria] contamina- 
tion in the take or failure of a skin graft is still to be determined by further 
experimental investigation, it is, nevertheless, logical to assume that it is not 
conducive to the growth of a graft and is probably harmful. Granted that 
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it is impossible to sterilize skin completely without destroying it, the bacterial 
contamination of any operative site should be kept at a minimum by means 


of good aseptic technique. 

It is imperative that the surgeon be thoroughly familiar with the con- 
struction and operation of the instrument to be used. Although none of the 
instruments available today is very complicated, it is important for the surgeon 
to have the ‘‘feel’’ of the instrument, to know how to take it apart, to know 
its mechanical prineiples, and to know its main cause of failure. 

The most important part of any skin-cutting instrument is the cutting 
edge of the blade. Regardless of the skill of the surgeon and the expense or 
the construction of the instrument used, a good skin graft cannot be cut with 
a dull or nicked blade. Theoretically, skin graft blades are sharp and ready 
to be used for cutting when they arrive from the manufacturer ; however, this 
is not always true, and it is advisable to hone the blade by hand before it is 
used, and to recheck and rehone it carefully before each subsequent use. Most 
instruments, including those with throwaway blades, are supplied with a 
blade holder that can be used to hold it at a proper angle for honing and 
maintaining the bevel of the cutting edge. 

It is beyond the scope of this paper to discuss the preparation of the 
recipient site, the preparation of the donor site, and methods of applying and 
dressing the grafts. There are several methods available for each of these, 
and each has its advantages and disadvantages. Any of the methods, carefully 
thought out and earefully applied, will give good results. 


INSTRUMENTS 


The Knife.—The use of the freehand knife was the earliest methods of ob- 
taining split-thickness skin grafts, and it is probably the most universally 
available instrument in use today. The straight-edged razor was the first type 
of freehand knife available and is still widely used for cutting small, narrow 
grafts. The blade is approximately three inches in length and, thereby, limits 
the breadth of the cut. The Blair-Brown and Ferris Smith knives have largely 
replaced the straight-edged razor. The blades in these instruments are ap- 
proximately five to six inches in length, and greatly increase the amount of 
skin that can be cut at one time. In both of these knives, the blades are re- 
movable and a new, sharp one can be substituted for a dull, nicked one. 

There are several other advantages in the use of the freehand knife: 
(1) It is cheap and almost universally available. (2) The length of the graft 
that is taken is limited only by the skill of the surgeon and the extent of the 
donor site. When large areas are to be covered, it is advisable to obtain as 
large a sheet of skin as is possible for the grafting procedure. Although the 
arms and legs provide the best surface for cutting skin with a freehand knife, 
most of the other areas of the body also can be used because the freehand 
knife ean be manipulated over uneven surfaces. (Regardless of the instrument 
being used for removing skin from uneven surfaces, a point of technique worth 
remembering is the subcutaneous injection of saline solution. This technique 
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was described by Barker in 1948, and has proved very useful in our experience. 
The use of Barsky’s modification of Pitkin’s syringe permits continuous sub- 
cutaneous injection of saline solution without withdrawal of the needle [Fig. 
1]. In the thin patient who has a bony thorax and a seaphoid abdomen, the 
subcutaneous injection of 1 to 2 L. of saline solution converts the uneven sur- 
face into a firm, smooth area and provides a skin donor site of approximately 
18 per cent of the body surface L[Fig. 2, 4 and B1.) 

There are two disadvantages in the use of the freehand knife: (1) The 
instrument, in order to be used properly, requires a great amount of skill on 
the part of the surgeon. It is frequently stated that anyone who cannot use 
a freehand knife skilfully should not be doing skin grafting. This is not neces- 
sarily true, as there are other instruments available which can be readily 
mastered and do not require the skill necessary for the use of a freehand 
knife. (2) Regardless of the skill in cutting skin with this instrument, it is 
impossible to take a uniform depth of skin the entire width of the cut. When 
only one skin graft is to be taken from a donor area, this is probably not a 
serious disadvantage but, when many crops of skin must be taken from the 
same area, it is important that the grafts be cut of uniform depth so that the 
healed donor site will be of uniform thickness. 


Mark Attachment. Beeause it is difficult for the beginner to master the 
technique of using the freehand knife, and since the depth and uniformity of 
acut depend on the operator’s control of the knife, freehand grafts frequently 
are unsatisfactory. A device, known as the Mark attachment, has been devel- 
oped whieh fits the Blair-Brown knife and simplifies the taking of split-thick- 
ness skin grafts. This attachment consists of a small, narrow roller bar, ap- 
proximately one-quarter inch in diameter, which is attached to the knife just 
in front of the blade. By adjusting the distance between the blade and the 
roller bar by means of a set of shims which are supplied with the instrument, 
the depth of the cut is set. The use of the Mark attachment enables the 
operator to cut a graft of uniform depth and, therefore, makes the use of 
the freehand knife much less formidable (Figs. 3 and 4). 
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Padgett Dermatome.—The use of a Padgett-Hood dermatome is the most 
common method of eutting split-thickness skin grafts. The machine was 
developed by Padgett in the late thirties but, since that time, has been modi. 
fied by Hood. It is an ingenious device for cutting skin, and permits the 
beginner to take a specified length of skin of uniform depth and width. It js 
disadvantageous in that it will cut only a 10 by 20 em. piece of skin, For 
those who prefer longer skin grafts, for use over the entire length of a leg, 
for example, a different method of cutting skin must be used. The Padgett 
dermatome is available in most hospitals, and the technique of using it cer. 
tainly should be mastered by all surgeons. 


Fig. 4. 


The Padgett dermatome, and several other instruments to be discussed 
later, requires the use of glue in the cutting of skin grafts. There are certain 
procedures which must be carried out for the proper eutiing of split-thickness 
grafts when glue is used and, since these apply to all of the instruments which 
require glue, they will be inserted at this point. (1) All skin oils and water 
which remain after preliminary preparation of the skin must be removed. 
This is easily accomplished by cleansing the entire area with ether and _per- 
mitting it to dry. (2) The area intended as the donor site is evenly covered 
with a thin laver of dermatome glue. Since the use of the Padgett dermatome 
is dependent upon the adhesiveness between the skin and the drum of the 
dermatome, great care must be taken in the preparation of the donor sites. 
If powder from the surgeon’s glove falls on the donor site, or if a small amount 
of water or skin oil remains on the region, the glue will not stick in that area 
and a hole will be cut in the graft. It is not difficult to eut full drums of skin 
with the Padgett dermatome, but care must be taken at each step in order to 
assure a successful graft. (3) The drum must be prepared, and this usually 
is accomplished by cleansing it first with ether to remove any oil that may 
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have adhered to it during the sterilization process, and then by applying a 
thin laver of glue over the entire drum of the dermatome, care being taken to 
get the glue evenly and completely spread to the edges of the drum. A little 
practice is necessary in order to determine the amount of glue to be applied 
to both the drum and the skin; a common mistake is to apply too little rather 
than too much. The glue on the drum and the skin is permitted to set for at 
least two minutes, or until it becomes ‘‘tacky,’’ and then the graft is ready 
to be cut. The depth of the cut to be made with a Padgett dermatome is 
determined by a lever on the side of the handle. By rotating this lever, the 
distance between the blade and the surface of the drum ean be varied, thus 
varying the depth of the cut. It is always advisable to check the alignment be- 
tween the blade and the surface of the drum by eve before taking a skin graft 
with this instrument. Occasionally, the drum will have become warped, or 
the blade be out of alignment, and an uneven cut will be taken if the instru- 
ment has not been checked beforehand. 

In order to assure a good seal between the skin and drum initially, pres- 
sure should be used in applying the leading edge of the dermatome drum 
to the donor site. If the skin does not adhere across the entire leading edge 
of the drum, a full width cut will not be made. Once a good seal has been 
made between the skin and dermatome drum, the cut is started. In order to 
improve the graft that is cut, several common difficulties should be avoided. 
(1) It is important that the hand holding the instrument remain steady at 
all times. Since the hand that is working the blade is moving back and forth 
constantly, it is not uncommon to find the opposite hand, which is controlling 
the drum, in rhythm with the first. As a result, the drum will move back and 
forth on the donor surface. (2) The knife will eut the skin much more smoothly 
if it is worked back and forth in a sawing motion while the drum is slowly 
advanced. Too frequently, the operator attempts to cut the skin by rotating 
the drum rapidly and by cutting a great amount of skin with only one sweep 
of the blade aeross the drum. (3) A slight amount of tension should be main- 
tained on the edge of the skin that is being cut, and this is easily accomplished 
by exerting a eonstant foree on the drum in an upward and outward direction. 
(4) At all times the operator should focus his attention on the point at which 
he is cutting to make sure the blade does not overeut on either side of the 
drum. It is important to get a full drum of skin at all times, but it is equally 
important not to overeut along the sides of the drum and cause full-thickness 


loss in this region. In Fig. 5, the method of taking a full drum of split-thiek- 


ness skin is demonstrated. 

When the end of the drum is reached in cutting the skin, there are several 
methods of removing it from the dermatome. The most common method is 
simply to eut the skin free with a sharp knife. The dermatome is then placed 
on its stand and the skin is peeled from the drum either by hand or by means 
of several hemostats placed around the edge of the skin. A disadvantage in 
using this method is that, although the skin has been removed, the glue on 
the back of the skin is still present and this permits the skin to wrinkle and 
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stick together, making it very difficult to handle. In order to prevent the 
stickiness of the glue from becoming a hindrance, some surgeons prefer to 
sprinkle the back of the graft with sulfa erystals or other bland powder as 
soon as it is removed from the drum. 

Another method for removing the skin from the instrument, and one 
which eliminates the previously mentioned disadvantages, is as follows: Onee 
the end of the graft has been reached, the skin is not freed from the donor 
site. Instead, the drum under slight tension is gradually reversed until the 
skin is attached only at the leading edge of the drum. The glued surface and 
the base side of the skin are then smeared with blood from the donor site. This 
eliminates the tackiness and also permits the skin to be removed from the drum 
without tearing. The skin remains suspended between the donor site and the 
leading edge of the instrument and can now be cut free from the donor site 
and removed from the drum. Until the surgeon is ready to apply the skin 
to the recipient site, it should be stored between moist saline sponges whieh 
have been flattened out on the skin board. 


Fig. 5. 


After the skin has been removed from the drum, the instrument is placed 
in its stand and the drum is cleaned and reglued, ready to take the next sheet 
of skin. The simplest method of cleaning the dermatome is to rub the drum 
surface vigorously with a dry sponge. Since the glue is a plasticlike material, 
it will roll up and readily separate from the instrument. 

A difficult problem which frequently confronts the surgeon who is treat- 
ing a severely burned patient is how to get the greatest amount of skin from 
the relatively small donor site available. A technique which can be utilized 
for covering large areas with skin obtained with the Padgett dermatome is 
as follows: A full drum of skin, cut at approximately 0.03 inch in thickness, 
is taken with the Padgett dermatome, and is left tightly adherent to the in- 
strument. The surgeon then resets the dermatome blade to approximately one- 
half or one-third of the previous cut and, while holding the dermatome in his 
hand, gently cuts or splits the skin that is attached to the drum, making two 
pieces of equal size and thickness (Fig. 6). If the piece of skin originally taken 
was very thick, between 0.030 and 0.040 inch, it is possible to split the skin 
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three times and, thereby, obtain three 10 by 20 em. sheets of skin of equal 
thickness. This technique works very well, but is dependent upon a certain 
amount of skill on the part of the surgeon and, what is more important, upon 
a very sharp dermatome blade. Very little experimental work has been carried 
out on this type of graft, but clinical results appear to be as good with this 
method of grafting as with most other methods available today. 


The Padgett dermatome is also used in obtaining specifie pattern grafts. 
The only prerequisite in this instance is that the graft pattern be smaller or 
at least no larger than the total surface area of the drum. For example, if 
a graft must be cut to fit an irregular defect on the arm, such as the removal 
of a burn sear, a pattern of the area to be grafted is made upon cellophane 
and cut out. The hole in the cellophane is the same configuration as the area 
to be grafted. Cement is then applied to the donor site, the cellophane placed 
over this, the dermatome applied to the donor site, and the skin taken. Nat- 
urally, the skin will only adhere to the drum in that area not covered by the 
cellophane. Thus, the piece of skin on the drum, after the graft has been 
taken, will be the exact outline of the pattern that was cut in the cellophane. 


Fig. 6. 


THE REESE DERMATOME 


The Reese dermatome is essentially a modification of the Padgett der- 
matome. In basie design, the instruments are identical; however, the Reese 
dermatome is a much heavier instrument and much more solidly built. This 
is advantageous in that it helps the surgeon hold the instrument steady while 
he is eutting the skin. On the other hand, it also tends to tire the operator 
much more readily than does the Padgett dermatome. The method of regulating 
the depth of cut has been modified on the Reese dermatome. A series of shims, 
which are supplied with the instrument, are fitted into the blade holder be- 
tween the blade and the blade holder, and regulate the thickness of skin to be 
eut. This is advantageous in that it is absolutely uniform and will not change 
during the process of cutting. Changes in the thickness of the skin oceasion- 
ally occur with the use of the Padgett dermatome when the operator permits 
something to bump the adjustment lever. The most important advantage of 
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the Reese dermatome is the addition of the Dermatape as a backing for the 
skin. Reese has developed a green rubberized material which fits over the 
back of the dermatome drum. This is attached at one end, placed over the 
drum, and tightened by means of a worm-gear spool at the other end. Onee 
the Dermatape is tightly applied, similar to a roll of film in a camera, the 
instrument is ready for use. The green rubber Dermatape is covered with a 


and B, 


white, glazed, linen backing when it is received from the manufacturer, and 
this must be peeled off before taking the skin graft. This protects the adhesive 
layer of the green rubber backing from becoming spoiled before use. Derma- 
tapes are sterilized by soaking them in one of the sterilizing solutions, such as 
Zephiran. The Reese dermatome is supplied with a special type of red rubber 
cement, but it will work equally well with standard dermatome cement. There 
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are several advantages to the use of this instrument: (1) It can be used much 
more rapidly than the Padgett dermatome since it is unnecessary to clean 
the drum between grafts. The Dermatape backing, with the skin still attached, 
is simply removed, another Dermatape is placed on the drum, and another skin 
eralt is taken. This can be repeated in a matter of seconds, and eight or ten 
drums of skin can be cut very rapidly from the back or chest, thus diminishing 
the operating time. (2) Another advantage is that the skin can be left glued 


D. 


Fig. 7, C and D. 


to the Dermatape, the Dermatape can be cut to fit any particular pattern that 
is desired, and the graft can be held in place by means of dressing. When 
the dressing is changed, between the fourth and tenth day depending on the 
judgment of the surgeon, the Dermatape will have separated spontaneously 
from the skin. This is a tremendous advantage in attempting to graft numer- 
ous, small areas when a number of small patterns must be cut. The Derma- 
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tape keeps the skin adherent to the backing and, thereby, prevents it from 
eurling or shrinking in size. The use of the Reese dermatome is demonstrated 
in Fig. 7, A, B, C, and D. 


Fig. 9. 


THE BROWN ELECTRIC DERMATOME 


The Brown Electric dermatome (Fig. 8) is a rather recent innovation in 
the field of skin-cutting instruments. The blade, driven by an eccentric, makes 
very short oscillations. This eccentric is driven by means of a flexible shaft 
which passes through the handle of the instrument and is connected to an 
electric motor outside the sterile field. To provide a satisfactory cutting 
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surface, there is a heavy metal plate just beneath the cutting blade which 
flattens and maintains a uniform tension on the skin. The depth of the eut 
is controlled by two knurled knobs on either side of the instrument which 
raise or lower the blade. The distance between the guard and the blade deter- 
mines the depth of the cut to be made. This instrument has one outstanding 
advantage in that large amounts of skin can be taken very rapidly. There is 
no need to do more than prepare the donor site in the usual manner, and then 
apply either petrolatum or mineral oil to provide a smooth, sliding surface. 
In Fig. 9 the Brown Electric dermatome is shown cutting a strip of skin from 
the back, which has been infiltrated with normal saline solution, and then 
greased lightly with mineral oil. Strips of skin three inches in width were 
eut side by side the entire way across the back. In this way, all of the avail- 
able donor skin was removed from the back in a very short period of time. 


Fig. 10. 


Of all the instruments described, the Brown Electric dermatome is per- 
haps the easiest for the beginner to use and the one with whieh he will have 
the least difficulty. It is almost impossible to cut too deeply with the instru- 
ment unless the blade setting has been ignored. The Brown Electrie derma- 
tome has a maximum cutting width of three inches, and this is perhaps the 
greatest disadvantage. 
THE STRYKER ELECTRIC DERMATOME 


The Stryker Electric dermatome (Fig. 10) is a new instrument for eutting 
skin grafts. The dermatome part of this machine is actually an aecessory 
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which has been designed to fit the Stryker Electric bone saw and east cutter, 
and this gives it the unique advantage of serving a dual purpose. The grafts 
are cut by means of a cireular blade which oscillates the same as the blade in 
the Stryker saw. The depth of the cut is set before the blade is locked jn 
position by means of shims which are fitted between the guide bar and the 
blade. The instrument is excellent for cutting skin, but it has a decided dis. 
advantage in that the widest strip of skin that can be cut is two inches. For 
this reason, the machine is limited to the taking of long, narrow strips of 
skin. It appears to have little place in the field of skin grafting of large 
burns, but may be of great value to the orthopedist or to other surgeons who 
do extensive bone work, and who occasionally must cover small, soft tissue 
defects. 


Fig. 11. 


THE BARKER VACUTOME 


In 1948, Dr. Donald E. Barker developed the Vacutome (Fig. 11), an 
instrument utilizing the principle of a suction cup with a knife attached 
for cutting skin. In the Vacutome, a standard Ferris Smith replaceable skin- 
graft blade is used. After preparation of the skin, a thin layer of petrolatum 
is wiped over the blade and the donor site, and the suction box is pressed 
against the skin. The instrument is held against the skin until the suction 
gauge registers approximately 15; the blade is then swung into cutting posi- 
tion in a manner similar to that used in the Padgett and Reese dermatomes. 
While the blade is held at a fixed distance from the suction box by means of 


| 
’ 
4 


“1984 
ter, 
atts 
in 
the 
(lis- 
“or 

of 
‘ho 
ue 


EVALUATION OF DERMATOMES 105 


Volume 36 
Number | 


a guide, the cut is made with a sawing motion, the same as that used with 
the Padgett-Hood dermatome. This instrument operates on the same principle 
as the Padgett dermatome but does not require glue, and the length of skin 
obtained is limited only by the extent of the donor site. For the average 
adult, a vacuum pressure of fifteen to thirty pounds is used; for children and 
elderly people, the vacuum pressure should not exceed twenty pounds.  Be- 
cause the instrument works on a suction principle, it is necessary to have a 
flat, smooth surface in order to maintain suction. For this reason, it is fre- 
quently necessary to inject the subeutaneous tissue with normal saline solu- 
tion in order to provide an adequate working surface when removing skin 
from the chest, abdomen, or baek. 
SUMMARY 


An evaluation of the freehand knives, the Padgett dermatome, the Brown 
Klectric dermatome, the Reese dermatome, the Stryker dermatome, and the 
Barker Vacutome has been presented. The advantages and disadvantages of 
each instrument have been discussed. No attempts have been made to prove 
the superiority of one instrument over another. The purpose of this evalua- 
tion has been to aid the surgeon inexperienced in skin grafting in his selection 
of an appropriate instrument. 


THE INGUINAL CANAL, A TRIHEDRAL SPACE; THE ADAPTATION 
OF ITS ANATOMIC BOUNDARIES TO MODERN HERNIA REPAIR 


CLaup C. Burton, M.D., Dayton, 


(From the Veterans Administration Center, Dayton, and the Department of Surgery, 
University of Cincinnati College of Medicine, Cincinnati) 


HE trihedral space of the inguinal canal suggests its geometric shape, oe- 

cupying the three-dimensional area in the inguinal region. It was first 
recognized as an anatomic entity by Lich and Samson in 1945.' The trihedral 
space defines more accurately and fully the pathway of the prenatal descent 
ot the testis. Moreover, the acceptance of this concept gives greater under- 
standing of the composite anatomic relationships of the canal to standard surgi- 
cal procedures. The spermatic canal consists of the inguinal or transparietal 
portion and the extraparietal or scrotal portion (Fig. 1). The latter plays 
a very minor role in the treatment of inguinal hernia. Reparative procedures 
apply exclusively to various means devised for reinforcing weaknesses of the 
structural boundaries, chiefly the posterior wall of the inguinal canal or trihedral 
space. 

The function of the inguinal canal is to transmit the testis and spermatic 
cord, but it also permanently contains the transmural portion of the cord in 
its extrinsic trilateral parietal boundaries. Its intrinsie museulofascial funie- 
ular investments are derived from the adjacent parietal strata which suspend 
and aid in maintaining the mobility of the cord and the serotal position of the 
testis. Reparatively the funicular coverings are unimportant. 

Normally, there exists a potential space between the spermatic cord and 
the extrinsic boundaries of the inguinal eanal. This triple-cornered perifunie- 
ular space is variable depending upon the mobility of the cord, the elasticity 
or fixity of its boundaries, and upon the intra-abdominal and/or intracana- 
licular pressure. Because of the more pliable posterior wall (fascia trans- 
versalis), it may be displaced anteriorly by increased intra-abdominal pressure, 
thereby reducing the anterior-posterior dimension of the trihedral space. Simi- 
larly, a progressively descending and expanding canalicular hernial mass en- 
larges the trihedral space, chiefly at the expense of the posterior wall by push- 
ing it inward. 


THE EXTERNAL BOUNDARIES OF THE TRIHEDRAL SPACE 


The parietal wall or anterior boundary of the inguinal canal has a dual 
function. It primarily partakes of all the characteristics of the abdominal wall, 
and therefore its basie function is mural; coincidentally, it affords funieular 
protection by acting as a barrier to external trauma and is the most versatile 
boundary surgically. Because of the trihedral shape of the canal, one must 
of necessity think of its structural limitations in terms of three distinet planes 
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(Fig. 2). 


medial and adjacent to the external iliae vein. 


INGUINAL CANAL, TRIHEDRAL SPACE 


The composite base is located at the transitional angle which is 


inferiorly and medially, reaching a joint apex at the level of the external ring. 
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guinal canal (trihedral space) and the scrotal 


and Cooper’s (posterior iliopubic), are shown. 
area of the trihedral space. 


The structures comprising the anterior plane are the aponeurosis of the 


obliquus externus muscle, and the conjoined 


components of the obliquus internus and transversus abdominis. 


densest, most resistant, and strategically the 


1.—A composite drawing of the spermatic canal including its components, the in- 
canal. 
important longitudinal ligaments, the inguinal (anterior iliopubic), the intermediate iliopubic, 

The insert depicts the transitional or basilar 
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the only boundary which is altered in position by an inguinal ligament or 
Cooper’s ligament hernia repair. The inferior plane consists chiefly of the 
interligamentous area with its bridging lacunar ligament. The anterior portion 
of this plane is bounded by the intermediate iliopubice ligament and the shelving 
portion of the anterior iliopubie (inguinal) ligament. The posterior plane or 
floor of the trihedral space is a single stratum, the fascia transversalis which is 
supported in part by the underlying posterior iliopubic (Cooper’s) ligament. 
The fascia transversalis is of varying density, often becoming attentuated with 
concomitant increased pliability. Ordinarily, it is less resistant and less re- 
liable than the structures of either the anterior or inferior planes. In general, 
the histologic structures of the boundaries of the trihedral space are fasciculo- 
aponeurotic, ligamentous, and fascial, respectively. 

The basilar or transitional portion of the trihedral space has attracted 
much attention. It is the source of much controversy which has not been en- 
Coincidentally it is of pivotal importance in Cooper’s liga- 


tirely resolved. 
| refer to the transitional area which is located at the funieular 


ment repairs. 
introitus or base of the trihedral space. Anatomically the area begins inferiorly 
at Cooper’s ligament, where the external iliae vein crosses this structure extend- 
ing transparietally and obliquely cephalad to the abdominal hiatus. Because 
of its variability in size, it is more difficult to define anatomically. For in- 
stance, it has been referred to as a preternaturally enlarged and/or distorted 
abdominal ring; others prefer the term infundibuliform space, while those 
surgeons especially interested in the surgical treatment of hernia using Cooper’s 
ligament technique have elected to call it the transitional area. Because of the 
multiple econeepts held in regard to this morphologically variable area and its 
strategie importance in Cooper's ligament repair, we feel that more discussion 
should be devoted toward gaining a better anatomic and surgical understanding 
of this susceptible area. 

The Dilated Ring Concept.—In a simple, tubular, unobliterated vaginal 
process of peritoneum with normal-sized abdominal ring, one ordinarily does 
not recognize the underlying trihedral space as such during the freeing of 
the sae nor does the surgeon become aware of this potentially vulnerable area. 
However, in those individuals in whom the neck of the sae is quite large or 
where the fundus of the sae seems to open tangentially and directly into the 
abdominal cavity without any demonstrable neck, one can appreciate the im- 
portanee of this ovoid hiatal weakness in the repair of the wall. In the latter, 
the medial are of the ring has become attenuated and displaced caudalward, so 
that the ring is converted into an inverted U with concomitant diminution of 
the semisphineterie action or perhaps more accurately the shrtterlike action of 
the obliquus internus. When such an anatomic distortion of the abdominal 
exit of the cord obtains, perhaps it would be well to be realistic and abandon 
the former econeept of a ring. 

The Infundibuliform Space Concept.—Again referring to the wide-necked 
saes which are often associated with sliding hernias, they almost invariably ex- 
hibit a coexisting composite musculofascial weakness of the entire basilar area 
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of the trihedral space. This inordinately large, nondescript area has been re. 
ferred to as the infundibuliform space. Morgan and Anson’ have deseribed 
this space as having two spouts, the superior longer and narrower one points 
cephalad toward the abdominal ring, the other, shorter one is directed toward 
the femoral ring. The chief contribution of the infundibuliform approach js 
the recognition of the existence of two concomitant infrahiatal weak areas, 
Moreover, it has given impetus to devising various surgical means for over- 
coming these potentially vulnerable areas. By studying the cumulative statis. 
tical data of our series,* we are finding that the recurrences in Cooper's liga- 
ment repairs are predominantly in this transitional area. 

The Transitional Concept—This concept is based chiefly on the premise 
that the first or primary maneuver of Cooper’s ligament repair is biphasic. The 
first phase is the anchoring of the parietal wall to Cooper’s ligament from the 
pubie spine lateralward to the external iliae vein. At the latter point, the re- 
pair gradually becomes more superficial since it necessitates reinforcing the 
traversed mural structures until the abdominal ring is reached, whieh con- 
stitutes the second reparative phase. Actually, the latter phase is a transition 
from the deeper to the more superficial transmural repair. It would therefore 
seem logical, since the interligamentous area at its widest anterior-posterior 
dimension is identical with the transvascular space, that the whole transitional 
area be divided into two components, the transparietal and the transvaseular, 
Such a concept is consistent with the structural adaptations in the classical 
inguinal ligament and Cooper’s ligament repairs. In the former, only the 
transparietal component is exposed but in the latter, emphasis is placed on im- 
plementing the interligamentous area. Should there exist demonstrable lateral 
weakness, the supplemental iliopsoas method of repair! is indieated. Such a 
repair reinforees the transparietal area and, in addition, superimposes a shunting 
barrier to any intra-abdominal foree directed toward the iliopsoas fossa. 


THE RELATIONSHIP OF THE BOUNDARIES OF THE TRIHEDRAL SPACE TO MODERN 
REPARATIVE 


PROCEDURES 


In order to obtain a more practical and a better clinical understanding of 
the dynamies of the trihedral space, it is proposed to discuss its boundaries in 
relation to the three classical operative procedures: (a) the normal anatomie 
relationship in which the boundaries remain unchanged; (b) the inguinal liga- 
ment repair which bisects the trihedral space; and (¢) Cooper’s ligament 
repair in which the trihedral space is exeluded and subsequently obliterated. 


HERNIOTOMY OR RETAINING THE NORMAL ANATOMIC RELATIONSHIP 


In the event that only a small cylindrical sae is encountered with other- 
wise normal anatomic structures, simply high ligation of the sae is all that 
is necessary surgically to correct the exclusively congenital saccular hernia. 
In such selected cases, which are rare in adults, their curability should approach 
100 per cent. Consequently, there is no logical reason for altering the normal 
anatomic relationship of the boundaries of the trihedral space or changing 
the cord from its normal unilaminar transposition consequent to its prenatal 
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descent. A couple of sutures may be taken in the fascia transversalis subjacent 
to the abdominal ring. Some cremaster fibers are often included in these 
sutures. These almost identical simplified procedures which entail no basic 
anatomie structural change have long been recognized as the Ferguson or Hal- 
sted Il techniques (Fig. 2). If all hernias fell in this eategory, their treat- 
ment would present no surgical problem. Unfortunately, an ineipent tubular 
sae without any dilatation of the abdominal ring or any concomitant fascial 


TRIHEDRAL SPACE’ jn inguinal ligament hernia repecir . 


wrall 
fo shelving Border of 
&garmmenz. 
2. Cord excluded, 
fetal positon. 
3 Mural relationship of srrdter- 
ligamentous area uncAanged. 
4 IrvAedral space Szseczed. 


Fig. 3.—The upper left drawing is an extra-aponeurotic (Halsted I) inguinal ligament 
repair. In effect, the trihedral space is bisected. In the upper right illustration the parietal 
relationship at the transitional angle is shown. Attention is called to the vulnerable area 
between the two arrows. In the cross section, the spermatic cord is extraparietal and the 
trihedral space bisected by the parietal strata which are attached to the shelving edge of the 


inguinal ligament. 

weakness rarely obtains in the third, fourth, and fifth deeades. Consequently, 
a simple herniotomy, in which neither the trihedral space nor the position of the 
cord is altered, is very limited in its clinical application. In this veterans’ hos- 
pital, perhaps not more than 2 per cent of the patients fall in this reparative 
‘ategory. The observation of Krieg? that the fascicular fibers of the inferior 
arcuate division of the obliquus internus are often replaced by fibrous tissue 
in patients over 40 years of age is corroborative of the stand we have taken in 
regard to the choice of operation. 
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THE SECOND OPERATIVE PROCEDURE OR INGUINAL LIGAMENT REPAIR 


In this classical repair, the partietal and funicular relationship are altered 
in addition to ligation of the sae (Fig. 3). Encountered in these cases are 
certain criteria which obtain more or less uniformly: a wide-necked sae, a 
dilated and distorted abdominal ring, varying degrees of laxity of the posterior 
fascial wall, and often some deficiency of the arcuate portion of the obliquus 
internus. As one of the universally accepted and popular methods of dealing 
effectively with these plural weaknesses, the anterior boundary of the trihedral 
space is sutured to the shelving edge of the inguinal ligament including the 
intermediate iliopubie ligament. This maneuver deepens the roof, actually 
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Fig. 4.—In the first maneuver of Cooper's ligament hernia repair, the spermatic cord is 
excluded, traversing the three parietal strata subjacent to the abdominal ring. Coincidentally, 
the trihedral space is excluded. The deeply placed pectinealized wall reinforces the transi- 
tional angle. The insert is a cross section of the first maneuver of the repair showing the 
cord, interligamentous area, and the trihedral space excluded by suturing of the parietal 
strata to Cooper's ligament. 


converting it to a floor by transferring the external aponeurosis and conjoined 
tendon posterior to the spermatie cord. Consequently, the cord is transposed 
and becomes trilaminar instead of its normal anatomic unilaminar position. 
In this operative procedure, the interligamentous space or deeper component 
of the transitional area is not exposed or altered. In essence, the objec- 
tives of this operation are the bisection of the trihedral space, the trilaminar 
transposition of the cord, and the nonexposure of the deeper component of the 
transitional area. The criteria for this operation obtain in about 88 per cent 
of the eases in this elinie. 
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THE THIRD CLASSICAL OPERATIVE PROCEDURE OR COOPER’S LIGAMENT REPAIR 


This technique (Fig. 4) entails the most drastic changes in the structural 
relationship and simultaneously creates the greatest alteration in the dynamics 
of the trihedral space. The practice currently is to suture jointly the parietal 
strata, which normally constitute the anterior boundary of the trihedral space 
to Cooper’s ligament. In this maneuver the anterior boundary is not only 
transposed posteriorly as in the inguinal ligament repair but is more deeply 
placed, so that it actually exeludes the trihedral space. Coincidentally, the 


TRANSITIONAL ANGLE OF TRIHEDRAL SPACE 
in Cooper's ligament hernia repair, (cross-section ) 
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Fig. 5.—Cross section showing the three maneuvers of Cooper's ligament hernia repair 

at the transitional angle. Attention is called to the pectineal angle which is between the 
parietal wall and the turned-down inguinal ligament, which obtains on completion of the 
first and second maneuvers. In the second drawing the effect of the third maneuver is 


demonstrated, which results in eliminating this sulcus by converting the two walls into one 
but retaining their dual attachment to Cooper’s ligament. 


angulation of the wall in this maneuver becomes more acute and tends to divert 
the increased intra-abdominal foree toward the pelvis and shunt it away from 
the repaired inguinal wall. Despite the cumulative advantages of this technique, 
it nevertheless creates or makes more evident a pre-existing liability at the 
transitional angle, which is medially adjacent to the external iliae vein. Certain 
precautions have been proposed for implementing this vulnerable area in order 
to preclude the development of a transitional angle hernia. These precautionary 
or implementing steps are generally referred to as maneuvers. 
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The technique as described is currently classified as the first maneuver of 
Cooper’s ligament repair. It was originally introduced by Lotheissen and 
Narath before the turn of the century. There was an interval of more than 
three decades before anyone proposed the trihedral space concept of the in. 
guinal canal. Valuable as was this progressive step in strengthening the in- 
guinopectineal region, it had its imperfections. The reparative faults gaye 
impetus to the development of two additional maneuvers. 
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Fig. 6.—These drawings show the most vulnerable area in Cooper's ligament repair 
from the anterior-posterior aspect, the posterior-anterior aspect, and on cross section. According 


to our experience, the transitional angle is the most likely site of recurrence and therefore 
the most susceptible area of Cooper's ligament repair. 


Having pectinealized the abdominal wall, it seemed only logical to turn 
down the eut edge of the inguinal ligament and suture it to the anterior surface 
of Cooper’s ligament. By this ligamentous transposition, the interligamentous 
area is bridged and coincidentally augments the medial lacunar ligament. An- 
other advantage accrues, a dual anchorage to Cooper’s ligament obtains.  In- 
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cidentally, the parietal and ligamentous pectinealization creates a V-shaped 
gap between the superior and inferior walls of the repair with its apex follow- 
ing the pectineal line. By studying the dynamics of the two-maneuver repair, 
one comes to the realization that the second step, of itself, does not contribute ap- 
preciably to the security of the parietal wall. Strangely enough, its collateral 
contribution has been of far greater importance in that it led to the integration 
of the two maneuvers, which compounded their strategic value. 

The third or combined maneuver is effeetuated by suturing the adjacent 
converging superior and inferior walls paralleling the shelving edge of the 
inguinal ligament.® This simple additive variant obliterates the intermural 
angle by synthesizing the two previously pectinealized walls, which coinci- 
dentally creates a central tendon effect by forming a vertical barrier at the 
transitional angle of the repair (Fig. 5). 

With the triple implementation of the inguinopectineal region and with 
the exclusion of the trihedral space, one should rightfully expect practically 
absolute assurance against recurrence. Of course, such an operative procedure 
should be reserved for those large hernias where multiple saeculations and/or 
fascial and ligamentous weaknesses coexist. It has been our experience in 
800 Cooper’s ligament repairs, which comprise 10 per cent of all hernia re- 
pairs in our clinic, that the most susceptible area for recurrence is through the 
lateralmost portion of interligamentous area adjacent to the external iliae vein 
(Fig. 6). We have often observed concomitant weakness of the entire superior 
and inferior fascicular boundary of this transitional area. Every surgeon 
should be conscious of this potentiality and should exercise appropriate pre- 
cautions to guard against a recurrence at this site. 

It is our conviction that the incidence of recurrent hernia should not exceed 
5 per cent over a ten-year follow-up period. We are close to but have not at- 
tained that goal as yet. We also feel that the type of operation, whether it is 
a simple herniotomy, inguinal ligament repair, or Cooper’s ligament repair, if 
properly selected, should not appreciably alter the incidence of reeurrenee. In 
short, the operative procedure selected should correct the specifie anatomie de- 
feet or defects demonstrable at the time of operation. Predicated upon our 
experience, it would seem that the inguinal ligament repair is predominantly 
the operation of choice in the veteran population. 


CONCLUSIONS 


1. The newer anatomie and surgieal concepts of the spermatic canal and 
particularly the trihedral space of the inguinal canal have been discussed. 

2. The boundaries of the trihedral space in normaley and in their altered 
positions which obtain in inguinal ligament repair and Cooper’s ligament 
hernia repair have been described and illustrated. 

3. The strategic advantages of the third maneuver or combined inguino- 
pectineal repair are: 

(a) Dual insertion into Cooper’s ligament with synthesis of the adjacent 

walls. 
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(b) The trihedral space, the spermatic cord, and the interligamentous area 
are excluded. 

(ec) The pectineal or intermural angle is obliterated. 

(d) Triple eushioning effect with more effective diversion of the intra- 
abdominal force. 

4. A potential weakness, although minimal, does exist at the transitional 


angle. 
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LYOPHILIZED IUMAN AND OX FASCIA IN THE REPAIR OF HERNIAS 


Francis ©. UsHer, M.D., GeorGe C. Morris, M.D., AaNp Mitton M. M.D., 
Houston, TEXAs 


(From the Department of Surgery, Baylor University College of Medicine, and the Jefferson 
Davis and Veterans Administration Hospitals) 


INCE MeArthur’ in 1901 and Gallie and LeMesurier? in 1921 reported on 
the use of autogenous fascia for the repair of hernias, many favorable re- 
ports’*! have been recorded in the literature concerning its use, particularly 
in recurrent inguinal hernias and large ine¢isional hernias. The advantages 
of autogenous fascia used in strips as a suture are that it causes no tissue 
reaction, will retain its strength for many months or years in the host tissues, 
and, because of its ribbon-like shape, will not cut through tissues. Its popular- 
ity, however, has probably been somewhat limited because of the necessity 
of an additional incision in the thigh to obtain the fascia. Most surgeons 
would prefer to use suture materials which are more readily available rather 
than go to the inconvenience of obtaining fascia lata from the thigh of the 
patient. MeArthur’s technique of using fascia from the external oblique 
aponeurosis in the inguinal region obviates the need for a second incision, 
but the strips raised from the external oblique are short, often thin and 
frayed out, and not as satisfactory as free strips of fascia lata. 

Koontz*? in 1927, in attempting to create a ready source of fascia, re- 
ported on the use of preserved ox fascia lata. This fascia was preserved in 
aleohol, but there were many reports of wound infection, fascial slough, and 
recurrence of the hernia following its use, and most surgeons preferred to 
use the fresh autogenous human fascia. Koontz** later apparently gave up 
the use of ox fascia and. according to the manufacturer,** it is in very little 
demand at present. 

In July, 1953, we began to investigate the use of homologous human 
fascia and heterologous ox fascia preserved by the procedure of freeze-drying 
or lyophilization. Human fascia lata was obtained from the thighs of suit- 
able subjeets at autopsy, cleaned of fat and areolar tissue, divided into strips 
lem. in width, and attached to Gallie needles with No. 36 stainless steel wire 
according to Gallie’s technique? (Fig. 1). The fascial strips with needles 
attached were then wrapped with gauze in small bundles, each containing 
two, four, six, or eight sutures. They were then placed in flasks of normal 
saline solution containing penicillin and streptomycin and stored at 4° C. in 
a refrigerator for twenty-four to forty-eight hours. Next, the bundles of 
sutures were placed in separate sterile Pyrex glass tubes 2.5 em. in diameter 
and sterilized by adding sufficient ethylene oxide to cover the bundle in each 
tube. After thirty minutes’ immersion, the ethylene oxide was poured off 
and the tubes containing the sterilized fascia were stored in a deep freeze 
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at -10° C. The frozen tubes of fascia were then subjected to the freeze-drying 
procedure according to the technique developed by Creech.*® 
At the end of this procedure, the fascial strips are almost completely 
dehydrated, and in the vacuum in which they are preserved in the sealed 
glass tubes they will last indefinitely without deterioration. To reconstitute 
the fascia, the dehydrated strips with needles attached are removed from the 
sealed tube (Fig. 1) and placed in sterile normal saline solution for fifteen 
minutes. The reconstituted fascia then has the appearance and texture of 
fresh fascia, none of its physical characteristics having been altered by the 
lyophilization process, It is then ready for use as a suture. 


Fig. 1.—a, Tube of lyophilized fascial strips with needles attached. b, Securing fascial 
strip to Gallie needle with No. 36 steel wire. c, Tie at free end of strip. Steps b and e¢ ac- 
complished before lyophilization. 

It was not found necessary to use sterile technique in obtaining the 
fascia in the autopsy room, as repeated cultures have shown that soaking 
the strips in saline solution with penicillin and streptomycin and treating them 
with ethylene oxide just prior to lyophilization achieves sterilization. Dis- 
pensing with the need of a sterile technique in securing the fascia greatly 
facilitates the process of removing it under the conditions normally present 
in the autopsy room. 

Ox fascia obtained from the lumbodorsal fascia of freshly slaughtered 
cattle was split into suitable strips and processed in the same manner. 


TECHNIQUE OF HERNIA REPAIR 
A somewhat different technique has been used for repairing incisional 
hernia than was described by Callie,? and we feel that it affords a much stronger 
approximation of tissues than does the usual single-strand continuous suture. 
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Fig. 2.—-Technique of repair of an incisional hernia. Edges of the hernial ring are ap- 
proximated without dissection of peritoneum or fascia. 

a, Free ends of each strip anchored with a slip knot and a “shoelace” stitch used, the 
surgeon and his assistant alternating stitches. 

b, Ends of the sutures tied together with a triple square knot and transfixed with a tie 
of No. 36 steel wire. A second pair of fascial sutures started. 


Fig. 3.—Technique of repair of an inguinal hernia. Transversalis fascia and conjoined 
tendon (or internal oblique muscle) approximated to Poupart’s ligament. 

a, “Shoelace” stitch with sutures staggered to effect a stronger and more secure approxi- 
mation. 

b, Ends of the two sutures tied medial to the internal ring and a third fascial suture 
placed to approximate the internal oblique and Poupart’s ligament lateral to the ring. The 
external oblique aponeurosis is then imbricated beneath the cord. 
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Two sutures are started at one end of the wound simultaneously, fixing 

the end of each suture with a slip knot as shown in the drawing (Fig. 2). The 
surgeon uses one suture and his assistant the other. Each employs a con. 
tinuous over-and-over suture, alternating stitches with his partner and pro. 
ducing a crisscross effect somewhat similar to the lacing of a shoe. The ends 
of the two sutures are tied with a triple square knot and the knot is transfixed 
with a tie of No. 36 steel wire. Another pair of sutures is then placed and 


Fig. 4.—Reconstituted lyophilized human fascia lata. Spaces are artefacts in sections. Wavy 
appearance due to longitudinal section. 


run in a similar manner, and so on, until the defect is closed. With this tech- 
nique, the edges of the hernia can be approximated in the majority of in- 
cisional hernias even though under tension. The large, flat fascial strips will 
not cut through the tissues and the ‘‘shoelace’’ technique affords a much 
stronger closure than can be accomplished with single strands. Additional 
reinforcing rows of fascial strands can be added, but in most instances the 
single row of double strands as described will be found sufficient. It is im- 
portant that the solidarity of the hernial ring not be disrupted by an attempt 
to dissect out layers of peritoneum or fascia for separate closure. The hernial 
sac ean be left adherent to the subcutaneous fat and obliterated by interrupted 
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sutures of plain catgut. A subcutaneous drain for twenty-four hours les- 
sens the likelihood of seroma or hematoma forming from unobliterated dead 


space. 

The same shoelace technique has been used to repair direet and recur- 
rent inguinal hernias, suturing the transversalis fascia and conjoined tendon 
(or internal oblique muscle) to Poupart’s ligament (Fig. 3). 


Fig. 5.—Lyophilized human fascia lata used to repair incisional hernia. Had been in place 
seven days before death. No inflammatory reaction noted. 

Sheets of human fascia lata measuring 20 by 10 em. have also been lyo- 
philized, to be used as a patch graft for large hernial defects that cannot be 
repaired by the technique described. We have not yet had oceasion to use 
these patches, our preference being to use the fascial strips as a suture when- 
ever possible. 

CLINICAL STUDIES 


Since July, 1953, 32 hernias have been repaired with the lyophilized human 
fascia using the technique described. This series consists of 16 incisional 
hernias (most of which have been quite large), 14 direct inguinal hernias (3 
of which were recurrent), and 2 large umbilical hernias. In addition, it was 
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used to repair 2 wound dehiscences and to close an abdominal wall defect 
caused by a shotgun blast. In the 35 eases listed, there occurred 2 wound 
abscesses and 3 seromas. In 3 of these 5 cases, draining sinuses developed 
which persisted until black silk sutures (used to transfix the ends of the 
fascial sutures) were removed. In subsequent cases No. 36 stainless steel 
wire was used to secure the ends of the fascia, and we have had no further 
trouble. There were two deaths in the series, one due to a pulmonary embolus 
on the seventh postoperative day and one due to cerebral thrombosis on the 
thirty-seventh postoperative day. 


_. Fig. 6.—Lyophilized human fascia lata used to repair inguinal hernia. Had been in place 
thirty-seven days before death. No reaction to the implanted fascia. Very occasional foreign 
body giant cells seen but not included in photomicrograph. 


All of the 33 patients surviving operation have been followed (the oldest 
ease, five months) and there are no recurrences to date. It is realized that 
follow-up for several years is necessary to evaluate properly any type of 
hernia repair, but the immediate results are most encouraging. 


A second group of 6 cases has been studied to compare lyophilized human 
fascia with lyophilized ox fascia. In this group, the incisions of patients found 
at laparotomy to have inoperable carcinoma were sutured with both types 
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of material, the upper half of the wound with human fascia and the lower 
half with ox fascia. In all of these cases the wounds healed normally, and to 
palpation and inspection of the healing wound, no difference could be detected 
between the two types of fascia. These cases are being followed for the pur- 
pose of obtaining sections of the wounds at autopsy for histologie study and 
comparison of the tissue reaction to the two substances. To date, none of the 
§ patients has suecumbed to the carcinoma and, therefore, no results are avail- 
able at present. We are continuing this investigation and expect to report on 
it at a later date. 
HISTOLOGIC STUDIES 


Autopsies were obtained in the two fatalities occurring in the group of 
hernia repairs, and the wounds were removed en bloe for histologie study. 
Sections on both of these cases showed firm union of the fascial strip to the 
host tissue with no evidence of foreign body reaction (Figs. 5 and 6). In 
both specimens, strips of the fascia were dissected out (with considerable 
difficulty in the thirty-seven-day specimen beeause of firm ‘union between the 
fascia and the host tissues) and tested on a tensiometer. In each instance the 
strips had a tensile strength of twenty-five pounds, which is the average tensile 
strength of the reconstituted Ivophilized fascia. In neither specimen was 
there any evidence of absorption or dissolution of the fascia. 


SUMMARY 


Lyophilized (freeze-dried) human fascia and possibly lyophilized ox 
fascia appear to offer the full advantages of fresh autogenous fascia for hernia 
repair with none of the disadvantages attendant to securing fascia from the 
patient’s thigh. 

Satisfactory clinical results in 35 eases in which lyophilized human fascia 
lata has been used with no recurrences appear to warrant further investiga- 
tion of this type of suture material. 

Histologic studies in two cases coming to autopsy showed no foreign body 
reaction to the lyophilized human fascia, and tensiometer tests showed no 
decrease in the tensile strength of the implanted fascia. 


ADDENDUM 


Since this paper was submitted for publication, twenty-eight additional hernias have 
been repaired with lyophilized fascia. This second group consists of seventeen incisional, four 
umbilical, one epigastric, and six large direet inguinal hernias (three of which were recurrent). 
One wound infection occurred in this group. 

All of the sixty-three hernias repaired with lyophilized fascia have been followed up, and 
there have been three recurrences (two incisional hernias and one sliding inguinal hernia). 
All three recurrences have been repaired again with fascia and have remained intact to date. 
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SUCCESSFUL CURE OF A FALSE ANEURYSM OF THE HEPATIC 
ARTERY 
JEROME GiusEFFI, M.D., C. C. M.D., CINCINNATI, OHIO 


NEURYSMS of the hepatic artery are rare lesions. Most of the literature 
A on this subject is in the form of individual case reports, which have often 
served as a point of departure for a collective review of the subject. In re- 
cent years there have been several rather noteworthy reviews'* analyzing 
successively the available cases in the literature. The most recent of these was 
hy Sampsel,! who collected ninety-four eases of aneurysm of the hepatic artery 
or its branches and added one case of his own. Since then, two additional 
cases* * have been reported, bringing the total to ninety-seven eases which have 
heen recorded in the literature. 

The following report is prompted by the rarity of the lesion as well as its 
successful outcome, a feat whieh has been accomplished heretofore only three 
times in medical annals. 


CASE REPORT 


T. L. (Case No. 292978) was a 52-year-old white woman who was admitted to the 
hospital on Feb. 3, 1953, for the first time. She had experienced intermittent attacks of 
right upper quadrant pain with radiation to the back for the preceding three to four years. 
In 1952, at another hospital, a diagnostic work-up had revealed gallstones, but she had 
been counseled against cholecystectomy because of her cardiac status. In the week prior 
to the present admission, her stools had been black. The present attack of upper abdominal 
pain had started one week previously and had become progressively worse. 

Past history revealed that she had had typhoid at the age of 12 years, a bilateral 
salpingo-oophorectomy in 1921, and in 1940 a fracture of the right hip, which had been 
nailed, Subsequently the nail migrated ‘‘toward the bladder,’’ and was removed in 1947. 
In that same year she had had intermittent hematuria, and had been under the care of a 
urologist. Pyelography at that time was negative. In 1939 she had had shortness of 
breath and had taken digitalis for one year, and there was a history of arthritis in child- 
hood. 

Physical Examination,—On admission, pulse was 110, blood pressure was 84/40, respira- 
tions 28, temperature 98°. The patient was a well-developed and obese, white woman in 
acute distress with severe abdominal pain. Examination of the ears, nose, and throat was 
hegative except for slight icterus of the sclera. The heart was normal in size to percussion; 
the rhythm was regular, but there was a harsh systolic Grade III murmur at the apex. 
The chest was clear. Abdominal examination revealed marked tenderness in the right up- 
per quadrant with considerable spasm. One observer thought he could feel a lemon-sized 
mass in the region of the right upper quadrant which was indistinct, Peristalsis was very 
hypoactive. Pelvic and rectal examination were negative. 

The laboratory data revealed the white blood count to be 17,000, hemoglobin 10.5 
Gm., blood urea nitrogen 16 mg. per cent, CO, 19.5 meq., aand blood chloride 91 meq. A 
eatheterized urine was loaded with red blood cells and contained 1+ albumin, 
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On admission the patient was in moderate shock with a blood pressure of 86/40, and 
therefore was given 250 c.c. of plasma followed by 500 ¢.c. of whole blood and 500 e.e, of 
glucose in water, with the blood pressure responding to a level of 118/70. The tentative 
diagnosis was acute cholecystitis with possible rupture of the gall bladder, and she was 
Operated upon. The abdomen was entered through a right rectus incision. On opening 
the peritoneum, an estimated 1,000 ¢.c. of bloody fluid and clotted blood was found in the 
peritoneal cavity, and evacuated. A mass about 9 by 10 em. in diameter was felt in the 
right upper quadrant and epigastric region, in the area normally occupied by the gall 
bladder. The latter could not be found. There was a small opening found on the anterior 
surface of this mass, from which arterial blood was escaping. Attempts to explore this 
opening by the operator resulted in severe bleeding which could not be controlled except 
with packing, and the patient went into shock. She was placed in Trendelenburg position, 
the area was well packed off, and thereafter blood was pumped through a cut down in the 
right arm to keep the pressure elevated. Additional exploration now revealed that the 


_., Fig. 1.—Artist’s illustration of the ruptured hepatic aneurysm as originally encountered. 
Notice the compression of the biliary tree by the expanding wall of the aneurysm as pictured 
in inset. 


gall bladder was lying lateral and to the right of the mass, and was covered with adherent 
omentum, which was dissected free. The mass was now determined to be in the region of 
the gastrohepatic ligament. The appearance of laminated clot projecting through the 
anterior orifice immediately suggested an aneurysm, although the possibility of a pancreatic 
cyst could not be ruled out. The gastrocolic ligament was then divided, giving access to 
the lesser sac. Exploration in this area revealed a large amount of liquid and clotted 
blood. The pancreas could now be felt, and it was normal. The mass occupied the lesser 
sac extending inferiorly to the superior border of the pancreas and projecting anteriorly 
through the gastrohepatie ligament. The aorta could be palpated lying along the left 
lateral wall of the mass and contiguous with it. The mass did not pulsate. At this june- 
tion, we felt reasonably certain that we were dealing with a false aneurysm, probably of 
the hepatic artery, but we could not be certain that it did not arise from the aorta. Con- 
ditions seemed favorable, however, to allow us to control the situation by manual pressure 
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over the major vessels as needed, With fingers placed through the foramen of Winslow, 
the gastrohepatic ligament was now compressed near the midline and as close to the origin 
of the hepatic vessel as was possible. The laminated clot was then scooped out, and in the 
bottom of the cavity we could visualize an oblong opening about 1 em. in length by 4 
mm. in diameter located in the anterior-lateral aspect of the hepatic artery. Hemostasis 
was easily secured by previously mentioned compression. The opening was then sutured 
with interrupted sutures of 00000 black silk in an attempt to reconstruct the continuity 
of the vessel. Following this, the bleeding was well controlled. It was impossible to con- 
sider extirpation of the sac, since the portal vein and the common duct were not visible 
and quite obviously had been incorporated in the dense fibrous wall of the expanding false 
aneurysm. The sac was therefore plicated immediately over the opening with a single 


Fig. 2.Photograph of the opened aneurysm. Clamps are applied on the free opened edge of 
the sac. The sutures indicate the site of closure of the defect in the hepatic artery. 


layer of interrupted sutures of 0000 black silk. Previously, in attempting to identify the 
relations of the closely applied gall bladder to the mass, the cystic duct had been partially 
divided. Therefore, the gall bladder, which was filled with stones, was removed and the 
common and hepatic ducts were explored via the cystic duct to be sure that they had not 
been inadvertently injured during the procedure. These structures were found intact and 
lying compressed in the right lateral wall of the sac. Three cigarette drains were placed 
in the remaining lumen of the aneurysmal cavity and two in Morison’s pouch, The gastro- 
colic ligament was then closed. The drains were brought out through the superior angle 
of the wound, and the wound was closed with through-and-through 22 gauge steel wire. 
During the procedure the patient received 7 units of whole blood, and at the end of the 
Operation pressure had risen to 110/80. 
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Postoperatively she was treated with Wangensteen suction and high doses of peni- 
cillin and streptomycin; namely, 400,000 units of penicillin every four hours, and % Gm, 
of streptomycin twice each day. Massive antibiotic therapy was dictated on the possibility 
that thrombosis of the hepatic artery might ensue postoperatively, despite the reconstrue. 
tive endoaneurysmorrhaphy. The postoperative course was not remarkable except for a 
low-grade fever of approximately 100° which the patient persistently ran for two weeks, 
Because of the systolic murmur and the medical diagnosis of compensated rheumatic heart 
disease, numerous blood cultures were secured to rule out the possibility of subacute bae- 
terial endocarditis. These were all negative, however, The wound healed per primam, 
and the patient was discharged on the twenty-third postoperative day, having been afebrile 
for the eight days preceding. The patient has been seen in the follow-up clinie ten months 
after surgery and has been doing very well. One month ago she had a repair of an inei- 
sional hernia which occurred in the wound. Liver function studies at that time were normal. 


Fig. 3.—Photograph of the deflated aneurysm after contents had been evacuated and 
bleeding controlled. The clamps are applied to the free edge of the opened sac, and a finger of 
the operator projects into the cavity. 

From reviews of the literature on this subject, one realizes that the lesion 
is rare and particularly treacherous,’ almost always leading to fatality. It is 
more common in males than in females, the ratio being approximately 3:1. 
The average age of the patients has been 38 years, with the youngest being in 
a 10-year-old boy and the oldest an 83-year-old man. The lesion may be intra- 
hepatic, within the liver, or extrahepatic. The intrahepatic variety most com- 
monly follows trauma. The extrahepatie group may involve the commnion hepatie 
artery or its right and left branches, the eystie artery or the gastroduodenal 
artery. The lesions are usually single, but they may be multiple, and have 
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varied from the size of a barleycorn to the size of a child’s head.? The smaller 
aneurysms are usually true aneurysms with dilation of the wall of the vessel. 
The larger ones are false, and the aneurysm in the case being reported would 
appear to be one of the larger lesions recorded. As the aneurysmal sae grows, 
it becomes adherent to adjacent tissues and may cause compression of sur- 
rounding organs. Ultimately, most of these lesions will rupture either into 
the peritoneal cavity or an adjacent viseus, usually the duodenum, gall bladder, 
stomach, or biliary tract. Most authors ascribe the etiology of the aneurysm 
most commonly to infectious process, this being in the form of disease in 
neighboring organs, such as the gall bladder or liver, or as the result of mycotic 
involvement of the arterial wall by bacteremia from distant inflammatory 
sites. Arteriosclerosis is listed as the second most important cause. Trauma 
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Fig. 4..—Photograph indicating the character and amount of laminated clot which was removed 
from the inside of the aneurysm. 


may also be responsible, and is most often associated with intrahepatic 
aneurysm. Malloy and -Jansen* have emphasized the triad of pain, hemorrhage, 
and jaundice as the three most typical symptoms of this disease and a symptom 
complex which, when present, should suggest the possibility of the lesion. 
Pain is the most common symptom and is usually located in the right hypo- 
chondrium or epigastrium. Ilemorrhage may be manifest from the gastro- 
intestinal tract in the form of hematemesis and melena. Our patient had a 
history of melena prior to admission and, in the first few postoperative days, 
while on Wangensteen suction, the aspirate was coffee-ground in charaéter, 
and contained blood chemically. There was no obvious communication with 
the gastrointestinal tract at the time of operation, however, although the 
stomach and duodenum were closely contiguous to the wall of the sac, and we 


= 
Gm, 
lity 
rue- 
or a 
eks, 
eart 
bac- 
am, 
rile 
iths 
nei- 
x 
nd 
of 
yn 
is 
in 
l- 
: 
al 


130 tLUSEFFI AND COLLINS Surgery 
July, 1954 


believe that the melena and hematemesis in this instance probably arose from 
superficial ulceration and trauma to a mucosa made edematous and friable by 
its proximity to the inflammatory process. Jaundice is the ieast frequent of 
the symptoms and is usually of the obstructive type. Our patient had mild 
icterus, and from the lateral compression of the common duct by the fibrous 
wall of the sae, it is easy to understand that obstructive jaundice might have 
and would have ensued had the rupture not occurred at the time. Rupture of 
the aneurysm into the peritoneal cavity with hemoperitoneum, as in this ease, 
is another common outcome. Barnett and Wagner® reviewed nineteen such 
cases from the literature and noted the average survival time following the 
onset of rupture to be twenty-five hours. 

Treatment.—The disease has a very high mortality. For the most part, 
this can be attributed to the difficulties in making the diagnosis. In this re- 
gard, until 1950, only eleven cases had been diagnosed prior to death, inelud- 
ing all eases in which operation had been performed. There are only three 
cases of patients who have been previously reported as cured available in the 
literature. Of the three recorded survivals, all have occurred following liga- 
tion of the hepatie artery. Kehr in 19037 reported a successful case of aneu- 
rysm of the right branch of the hepatie artery which responded to ligation 
distal to the origin of the pancreaticoduodenal artery. In 1917, Cading’ re- 
ported that Sudecht ligated the hepatie artery proximal to all of its branches 
and cured a patient with an intrahepatic aneurysm arising from a gunshot 
wound of the liver. In 1921,7 Colmers reported a cure of an intrahepatic an- 
eurysm arising after injury by ligation of the common hepatic artery. All 
other attempts at cure by ligation of the hepatie artery have ended in fatalities, 
although all of these cases have antedated the reports of Markowitz, Rappa- 
port, and Scott® on the prevention of liver necrosis following ligation of the 
hepatic artery by the use of antibiotics. It would appear from the current 
literature on ligation of the hepatie artery, in the problem of portal hyper- 
tension and the present availability of antibiotics which will minimize the 
problems of liver necrosis, that ligation of the hepatie artery as a means of 
cure for aneurysm should be more successful in the future than it has been in 
the past. The only other attempt to handle a hepatie artery aneurysm by re- 
constructive aneurysmorrhaphy was reported by Gordon-Taylor in 1943.° His 
patient died some forty hours after operation. When the operator is able to 
recognize the lesion as a false aneurysm and when the lesion is large, the pro- 
cedure of aneurysmorrhaphy may prove to be the simplest method of extrica- 
tion from a rather difficult situation. To have attempted to isolate the hepatic 
artery proximal to the aneurysm would have been a most difficult and danger- 
ous task in this case because of the extensive fibrosis and inflammatory reac- 
tion in the area. If one is able to secure adequate hemostasis by compression 
of the feeding vessels, the prospect of the repair of the orifice thereafter is 
very simply accomplished and, in addition, some prospect is provided of main- 
taining normal hepatie circulation. It would appear most desirable that, in 
the postoperative period, the patient be treated with antibiotics at levels in- 
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dicated for a ligation of the vessel, since the hazard of postoperative thrombosis 
must always remain a possibility despite technical success at reconstruction of 
the arterial wall. 


SUMMARY 


A ease of ruptured aneurysm of the hepatic artery is reported. Success- 
ful operative therapy was secured by reconstructive aneurysmorrhaphy. 
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ESOPHAGEAL RECONSTRUCTION USING COLON AND TERMINAL 
ILEUM 


Javip, M.D., Cuicaco, 


(From the Department of Surgery, University of Illinois College of Medicine, and the Illinois 
Research Hospital) 


ECONSTRUCTION of the esophagus in infants born with esophageal 

atresia is best accomplished by a primary end-to-end anastomosis, as 
described by Haight and Towsley' in 1943. This, however, is not possible in 
all eases. Clayton and Johnson* reviewed 468 cases in the literature, and 
came to the conclusion that in approximately 15 per cent of the cases, the 
esophageal segments were too short to allow direct end-to-end anastomosis. 
Haight,® in 1947, reported on fifty-two infants with esophageal atresia. In 
eleven of these cases, direct anastomosis could not be accomplished. Similar 
reports have been presented by other surgeons in this field. 

As a last resort, in instances where primary anastomosis is not possible, 
the upper esophageal stump is brought out in the neck for salivary drainage 
and a gastrostomy is performed for feeding purposes. Trying to establish 
continuity of the esophagus in these children is a difficult task. The defect 
between the cervical esophagus and the stomach has been bridged by skin 
tube in some cases (Ladd*) and by segments of jejunum (Longmire®) in others. 

This report presents a successful esophageal reconstruction using the 
right side of the colon and terminal ileum. 


CASE REPORT 


A. N., a l-day-old white boy, was admitted to Illinois Research Hospital on Dee. 8, 
1951, with a diagnosis of esophageal atresia associated with tracheoesophageal fistula. A 
congenital anomaly of the right ear, metatarsus varus of the left foot, and questionable 
microcephaly were also noted. On physical examination, the appearance was that of an 
active, although dehydrated child, having occasional bouts of respiratory stridor with 
cyanosis. Paroxysmal clonic convulsive movements were present, and more marked on the 
left. Numerous coarse and harsh inspiratory and expiratory rales were heard throughout 
both lung fields. The rales and cyanosis disappeared following thorough aspiration of the 
blind pouch. An obstruction about 3 cm. past the epiglottis was detected when a catheter 
was passed. Laboratory tests were essentially normal, 

With a course of frequent aspiration, postural drainage, and oxygen and fluid adminis- 
tration, the infant improved rapidly enough to allow surgical intervention a few hours 
after admission. Under general anesthesia the mediastinum was approached through the 
right side by resecting a portion of the fourth rib, and the communication between the 
trachea and the esophagus was severed and the tracheal opening closed. Attempt was 
made to perform an end-to-end anastomosis. This method was found to be impossible since 
a separation of about 5 em. existed between the two ends. The distal stump was repaired. 
The chest was then closed and the upper segment of the esophagus exteriorized in the 
neck. On Dee. 12, four days following the operation, a gastrostomy was performed, The 
infant did fairly well after these procedures and was maintained on gastrostomy tube 


Received for publication Jan 4, 1953. 


132 


Volume 36 ESOPHAGEAL RECONSTRUCTION WLTH COLON, TERMINAL ILEUM 133 


Number 


/ tube 


~--Middle colic a. 
_ Sup. mesenteric a. 
Right colic a. 

“fleocolic a. 


Fig. 1.—Diagram demonstr: ating the level of transaction of the ileum and the colon. 


Ileostomy 


Jleotransverse’ 


Fig. 2. Fig. 3. 
Fig. 2.—The right side of the colon and the terminal ileum is mobilized and passed 


through a tunnel in the front of the sternum. 
Fig. 3.—The ileoesophageal anastomosis is demonstrated in the neck region, 
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Fig. 5.—Roentgenogram demonstrating the ileoesophageal anastomosis in the neck, which 
patent and functioning. 
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feedings. Mentally, however, he remained retarded. At 18 months of age the child was 
readmitted to the hospital for reconstruction of the esophagus, After adequate preparation 
of the bowel the following operative procedure was performed. 

Technique.—On June 10, 1953 (eighteen months after the initial operation), under 
general anesthesia, the abdominal cavity was entered through a right paramedian incision. 
It was planned to mobilize the right side of the colon for reconstruction of the esophagus; 
however, it soon became obvious that the colon was too short for this purpose. The vascu- 
lar supply of the colon and terminal ileum was then examined carefully in order to deter- 
mine which of the vessels could be ligated without damaging the blood supply to the distal 
twelve inches of the terminal ileum and ascending colon, The ileocecal branch of the superior 
mesenteric artery was chosen for ligation (Fig. 1). The terminal ileum was left attached 
to the cecum, an appendectomy was performed, and the ileum was transected at a level twelve 
The transverse colon was then transected to the left 


inches proximal to the ileocecal valve, 
of the midline, and the proximal cut end of the colon was anastomosed to the anterior wall of 
the stomach with two rows of inner continuous catgut and outer interrupted silk sutures, The 
proximal cut end of the ileum was then anastomosed to the distal cut end of the transverse 
The ileum and ascending colon were 


colon, re-establishing intestinal continuity (Fig. 2). 
then mobilized and passed through a tunnel which was made in the front of the sternum and 
A portion of the ileum was exteriorized through a stab wound in the 
The defect left in the mesocolon was 
Fascia of the 


underneath the skin, 
neck just below the site of esophagostomy (Fig. 2). 
repaired with approximation of the mesocolon and the mesentery of the ileum. 
abdominal wall was then closed, leaving an adequate opening at the upper end of the in- 
The skin was then reapproximated, cov- 


cision for passage of the colon and its blood supply. 


ering the bowel at the upper end of the wound. 

Postoperatively, the child had an uneventful course. X-ray films taken postoperatively 
revealed adequate stoma between the colon and the stomach (Fig. 4). Six weeks later, the 
second procedure was performed, The cervical esophagus was anastomosed to the ileum (Fig. 
3). Postoperatively, a salivary fistula developed at the site of anastomosis. This fistula healed 
adequate lumen of esophagoileal anastomosis 


spontaneously, Subsequent x-ray films showed 
It took several weeks for the child to learn to masticate and swallow his food. He 


(Fig. 5). 
is now able to maintain his nutrition with oral feeding. 


SUMMARY 


A successful case of esophageal reconstruction by using terminal ileum 
and the right half of the colon is presented. Mobilization of these portions of 
the bowel allowed adequate length for replacement of almost the entire 


esophagus. 
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THE IMPLANTATION OF CANCER CELLS WITHIN A 
FISTULA IN ANO 


Case REPORT 
L. Guiss, M.D., SALEM, ORE. 


(From the Department of Surgery, Oregon State Hospital) 


OLE* recently stressed the dangers of implantation of desquamated tumor 

cells at the suture line in anterior resections of the sigmoid colon. The 
relatively high incidence of recurrence at the anastomosis was explained on 
this basis. The evidence is convincing although, in rebuttal, the possibility of 
inadequate excision at the time of primary surgery might be raised as an 
explanation of the recurrences. 

I cite as an example of implantation of tumor cells, the implantation of 
adenocarcinoma cells in a fistula in ano. The primary adenocarcinoma was 
located in the mid-sigmoid colon. In the fixed specimen there was a distance 
of 20 em. between the lower border of the primary tumor and the implanted 
tumor at the anal margin. Although the possibility of lymphatic or hematoge- 
nous spread cannot be eliminated, | believe it unlikely in the absence of any 
other evidence of distant spread. No mesenteric lymph nodes were involved, 
nor was there extension beyond the muscularis layer of the sigmoid. 

It would seem quite possible for desquamated tumor cells to pass through 
the internal opening of a fistulous tract and find fertile tissue for further 
growth. Such a case, I believe, illustrates the danger of tumor cell implants 
even more convincingly than cases where recurrent tumor is present at the 
suture line, as it eliminates the possibility that such recurrences are not from 
inadequate excision. 

CASE REPORT 

A 47-year-old man was admitted June 18, 1952, complaining of perianal distress. As- 
sociated with this distress was the discharge of blood-tinged matter about the anus which had 
been present for two months. Physical examination revealed a thin individual in no acute 
distress. There was present a fistulous tract opening on the right side of the anus, with some 
accompanying induration and cellulitis. Rectal examination gave no additional information. 
Laboratory tests revealed the urine to be normal. There was a red blood count of 3.8 million 
and a hemoglobin of 77 per cent. 

Course.—The patient experienced some looseness of stools, but otherwise bowel habits 
were not unusual. He was operated on June 26, at which time an internal opening of the 
fistulous tract was identified, arising from the crypt. A probe was passed through the internal 
and the external opening, and the fistula was widely opened. Some indurated tissue along the 
sinus tract was débrided and sent to the pathologist as a routine procedure. Clinically, the 
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diagnosis postoperatively was a fistula in ano, The pathologic report was moderately anaplas- 
tie adenocarcinoma and granulation tissue lying beneath intact squamous epithelium (Fig. 1). 

Because of the typical findings of a fistula, plus satisfactory healing, I still doubted the 
diagnosis, and I repeated the biopsy on July 16 with a report of acute and subacute granula- 


Fig. 1.—Growing adenocarcinoma cells found implanted within a fistuous tract in the perianal 
region. 


Fig. 2.—The microscopic picture of the primary adenocarcinoma present in the mid-sigmoid 


colon. 
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tion tissue being present. 
there was seen, just external to the mucocutaneous junction of the anus, a papillary lesion 


The patient was continued under close observation. On Sept. 2 
Sept. 2, 


measuring 4 mm. in diameter. Bits of this were removed with a report of moderately ana- 
plastic adenocarcinoma. 
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Fig. 3.—The resected rectum and sigmoid. The lower left-hand pointer indicates the site of the 
implant. The upper right-hand pointer indicates the primary tumor within the sigmoid. 


I was somewhat reluctant to perform an abdominoperineal resection for an anal lesion 
which was scarcely discernible. However, on Sept, 23 an abdominoperineal resection was un- 
dertaken with the discovery of an advanced ‘‘napkin ring’’ type of lesion in the mid-sigmoid 
without evidence of distant extension (Fig. 2). The pathologist reported adenocarcinoma of 
the sigmoid colon without, however, any remaining tumor tissue being detectable at the peri 
anal site. The rectum and sigmoid removed measured 30 cm, in the fixed state, with the sig- 
moid lesion arising 8.5 em. below the upper sigmoidal line of excision or slightly more than 
20 em. above the anus (Fig. 3). The postoperative course was uneventful, and the patient is 
free from detectable disease at this writing, fourteen months after surgery. 
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SUMMARY 


1. A case of desquamated cancer cells from a colon malignancy implant- 
ing in a fistula in ano is reported. 

2. The purpose of the report is to point out the danger of such cells being 
viable and capable of implantation. 

3. It is hoped that additional similar cases may be reported to substantiate 
this supposition. 
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RECURRENT PERFORATION IN MECKEL’S DIVERTICULUM 
Report oF A Case 
ORRIN J. VAN Dyk, M.D., Stpney, N. Y. 


HE purpose of this paper is to present an unusual case of Meckel’s diver- 

ticulum, and to diseuss the subject briefly. There is an extensive literature 
on the subject, and this has been reviewed by numerous authors. Some of the 
more recent reviews have been by Merritt and Rabe,' Haber,? and Matt and 
Timpone,* and the reader is referred to these articles for a comprehensive 
discussion of the subject. 

Meckel’s diverticulum represents the remains of the vitelline duet, whieh 
in embryonie life connects the midgut to the volk sac. Typically, it appears as 
a fingerlike, blind pouch projecting from the terminal ileum. In its greatest 
development, it may retain its connection with the umbilicus, and present there 
as an external fistula. Autopsy figures show an incidence of 1 to 3 per cent, 
and males are definitely favored. The majority of Meckel’s diverticula are 
located within the terminal thirty-six inches of ileum, but enough occur at a 
somewhat higher level to make it mandatory to search further. Although they 
usually arise from the antimesenterie border, they may come off at any point, 
and may rarely be intramesenteric. 

The pathologic manifestations of this condition are diverse. In general, 
eases fall into the following categories: (1) inflammation with or without per- 
foration, (2) obstruction, (3) hemorrhage, and (4) abdominal wall fistulas 
and related conditions. Of particular significance is the occurrence in the 
diverticula of ectopie gastric mucosa. Peptic ulceration occurring in or adja- 
cent to ectopic gastric mucosa is felt to be a main factor in both perforation 
and hemorrhage. In addition to the obvious mechanisms of obstruction, the 
diverticulum may serve as the leading point of an intussusception. If the 
diverticulum communicates externally, an umbilical fistula is present. If a por- 
tion of it seals off in the abdominal wall, a cyst or **polyp’’ results. 

Definitive treatment consists of excision, and is aimed at removing the 
diverticulum and any associated pathology. This may consist of simple diver- 
ticulectomy, diverticulectomy and wedge excision of a portion of adjacent 
ileum, or resection of the loop of ileum containing the diverticulum. The deter- 
mining factor in deciding the extent of excision is the condition of the adjacent 
ileum. A characteristic site for perforation is at the base of the diverticulum 
at the junction of gastric and ileal mucosa. This has been commented on by 
Schullinger and Stout, and deserves re-emphasis. Simple diverticulectomy may 
conceivably leave behind unrecognized gastric tissue at the site of amputation, 
and this may cause the recurrence of symptoms. 
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CASE REPORT 


A 12-year-old boy was admitted to the hospital with abdominal pain of fifteen hours’ 
duration. The pain started in the left lower quadrant, and radiated to the tip of the penis. 


Fig. 1.—-Resected segment of ileum; large arrow indicates site of perforation at base of 
Meckel’s diverticulum; small arrows outline diverticulum. 


Fig. 2.—KEctopiec gastric mucosa in Meckel’s diverticulum, near perforation. (Hematoxylin 
and eosin. 200; reduced %.) 


Several hours after its onset, he vomited ‘‘ brownish material.’’ An enema was effective, 
and he passed gas rectally up to the time of admission. One year before, he had had an 
acute attack of abdominal pain and, at operation elsewhere, a small, round perforation of the 
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terminal ileum was discovered. It was closed with a purse-string suture of catgut, reinforced 
by omentum. There was an uneventful recovery, and the boy was then well, up to the 
present time. 

Physical examination disclosed a moderately acutely ill boy. The temperature was 100° 
F., the pulse 100, and the respirations 24. Positive findings were confined to the abdomen, 
and consisted of moderate tenderness and slight muscle spasm in both lower quadrants, more 
marked on the left. Rectal examination was normal. 

Laboratory data revealed a normal urine, a normal red blood count and hemoglobin, 
and a white blood count of 13,000 with 77 per cent polymorphonuclear celis. A seout film 
of the abdomen showed several loops of gas-filled small bowel in the left lower quadrant, 
An intravenous pyelogram was normal. 

Under observation during the next few hours, the abdominal tenderness and musele 
Spasm increased in both lower quadrants. Maximum tenderness remained localized in the left 
lower quadrant. The white blood count increased to 14,950 with 85 per cent polymorphonu- 
clear cells. It was felt that the patient had an intraperitoneal inflammatory lesion, and he 
was prepared for surgery. At operation, free thin pus was encountered in the abdomen; 
partly walled off by omentum and transverse colon was a 5 mm., round, punched-out  per- 
foration in the ileum, approximately eighteen inches from the ileoceeal valve. The ileum and 
mesentery adjacent to the perforation were thickened and indurated, but no diverticulum 
was recognized. It was felt that resection was indicated. Consequently, a generous loop of 
ileum was excised, and an open end-to-end anastomosis performed. Recovery was uneventful, 
and the patient was discharged on the eleventh postoperative day. 

The pathology report was interesting. It was only after close examination that a 
shallow outpouching was discerned, perhaps 2 to 3 mm. deep, immediately adjacent and on 
the mesenteric side of the perforation. It was lined by typical gastrie mucosa, and the 
perforation was in close proximity to the gastrie mucosa. Grossly, the perforation resembled 
in all respeets the perforation of a peptie uleer as seen in the duodenum or stomach. 


DISCUSSION 


This case is of interest in two respects. First, it points up the inadequacy 
of simple purse-string closure of such a perforation as was performed at the 
initial operation. Second, the diverticulum was unusually small. There is rela- 
tively little mention in the literature of such small lesions as the present one. 
Haber? reported a single case in which the diverticulum was one-quarter to 
one-half ineh long. Jay,’ in tabulating data on 103 cases, listed six of them 
as 1 em. or less in length, without giving any further deseription of them. 
Taylor® reported a case of fatal hemorrhage in a 17-month-old child who showed 
a tumorlike mass of gastric mucosa and an adjacent ulcer ten inches from the 
ileoceeal valve. There was no diverticulum recognized, and he coneluded that 
the lesion did not represent Meckel’s diverticulum since it was located on the 
mesenteric side of the ileum. Curd,’ in commenting on Taylor’s case, pointed 
out that the position in relation to the mesentery did not preclude Meckel’s 
diverticulum, and he felt that the case represented Meckel’s diverticulum of 
such small size as to escape notice. 

The present diverticulum was so small that it was not recognized at the time 
of operation, and was only found by the pathologist after close examination of 
the excised specimen. Despite the small size, however, it contained gastric 
mucosa, and was, therefore, as potentially dangerous as a large, well-recognized 
diverticulum. 


RECURRENT PERFORATION IN MECKEL’S DIVERTICULUM 


Volume 36 
Number | 
_ SUMMARY AND CONCLUSION 
a 1. The subject of Meckel’s diverticulum has been briefly reviewed. 
09° 9. A ease of an unusually small diverticulum which perforated on two oc- 
ren easions has been presented and discussed. 
‘ore 8 The existence of such small diverticula should be borne in mind when 
obscure lesions of the terminal ileum are encountered, and if Meckel’s divertic- 
bin, ulum is suspected, resection should be adequate enough to remove all ectopic 
iim tissue. 
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Editorial 


The Selection of Students for Medical Schools 


HY Some Doctors Should Be in Jail’—such is the title of a recent arti- 

ele in Collier’s magazine. Within the last vear there have been numerous 
articles in the lay press telling of unethieal practices among members of our 
profession. There is no doubt that the public no longer regards doctors of 
medicine with the same esteem that it did a generation ago, All too often one 
hears complaints of an ethical nature leveled against us. Malpractice and 
other lawsuits against doctors are on the inerease. The rise in our insurance 
rates has been great and bears ample witness to this fact. Every doctor should 
ask himself why as a group we are no longer respected as were our predeces- 
sors. Such changes in publie opinion do not oeeur without reason. Certainly 
the reasons are not related to any failure to make scientific progress during 
recent years, for the last twenty-five vears have probably seen as many signifi- 
cant medical advances as any similar period in history. In facet, it almost 
seems that the prestige and scientific achievement of the profession have been 
inversely related. There ean be little doubt that the loss of respect has re- 
sulted from a deterioration in the personal relationships of medicine. 

Let us face it. Fee splitting is entirely too prevalent. ‘‘Ghost surgery” 
still exists in some areas. There are too many members of our profession who 
are charging unreasonable fees. There are too many men who put their own 
convenience above the best interests of their patients. There are too many 
who have so emphasized the science of medicine that they tend to think it 
alone ean take the place of those personal qualities that command the respect 
and trust of our fellow men. The publie is aware of these faets. 

The future of medicine obviously lies in the hands of those who are and 
those who will become doctors. In spite of all the publicity agents and adver- 
tising, they, and they alone, can have any real effect on the place of medicine 
in the publie’s regard. Some real attempts are now being made to ‘‘clean 
house’’ within the profession, but an ounce of prevention would be worth 
a pound of eure. The responsibility, then, of those who decide which men 
shall be admitted to our schools of medicine is great. In a very real sense the 
future of medicine depends on their wisdom. At the present time, in this 
country there are roughly two applicants for every available place in the 
entering classes of our medical schools. This figure is based on the total num- 
ber of men applying, not on the total number of applications made by these 
men. Academically, at least, the average of these applicants is probably bet- 
ter than the average of their classmates in college. There is, therefore, a 
rather wide field from which to pick the future members of our profession, 
and we must choose those men of whom medicine may well be proud. 
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How can we best choose our future doctors? This is a question that has 
greatly troubled admissions committees and it is one to which there is no 
ready or simple answer. In an attempt to base their judgments on some sort 
of firm foundations, such committees have usually relied primarily on (1) 
the college records of the applicants, (2) letters of recommendation, (3) the 
results of the Medical College Admission Test, and (4) personal interviews. Of 
these four methods of judging men, only the letters and interviews give any 
indication of the man’s character and unfortunately both are often grossly 
inadequate, occasionally even misleading. At times these letters are extremely 
helpful and accurate appraisals of the man’s worth, but too often such letters 
of recommendation are based on a very casual and superficial knowledge of 
the applicant himself. In the same way, one brief interview is often grossly 
insufficient for judging a man’s true character but at other times a reason- 
ably accurate opinion may be formed. There is no easy method of determin- 
ing an applicant’s true worth within a brief period of time exeept from hon- 
est statements of men who are good judges of character and who have known 
the applicant well. It is far easier to compare men on the basis of objective 
standards such as academic marks. Such eriteria generally are known pub- 
licly and often assumed to be the only basis on which a proper choice can be 
made. The ery of favoritism or discrimination is quickly raised when men 
with superior academic records are rejected and men with lower academic 
records are accepted, but our committees must look beyond this single sign of 
aman’s qualification, important though it be. Without some basie qualities, 
such as honesty, kindness, unselfishness, an ability to inspire confidence, and 
a will to work, good academic ability alone cannot make a good physician. 
The desirability of taking men of good intellect is obvious to all, but let us 
never forget the importance of the intangibles of good character. It is the 
combination of these qualities that is so essential in doctors if Medicine is 
again to achieve the position of respect in the public’s estimation. The medi- 
eal profession of today need not look around for scapegoats on whom to blame 
its poor public relations. It need only look to itself. In the future it will look 
to its future members. They must be the best possible men, in the broadest 


sense, 


—Brooke Roberts 
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Recent Advances in Surgery 


CONDUCTED BY ALFRED BLALOCK, M.D. 


ANNULAR PANCREAS IN INFANCY 
WILLIAM B. M.D., aNd C. Evererr Koop, PHILADELPHIA, Pa, 


(From the Surgical Clinic of the Children’s Hospital of Philadelphia and the Department of 
Surgery, School of Medicine, University of Pennsylvania) 


INTRODUCTION 


HE subject of annular pancreas has found its way into the literature with 

any degree of frequency only in the past ten years. MeNaught** made a 
comprehensive review of the reported cases in 1933, and this was brought up 
to date in 1944 by Stofer.*? These reports contained a majority of autopsy 
cases in which the condition was either incidental or unsuspected as a cause 
for symptomatology. Two excellent summary articles have appeared in the 
literature dealing solely with those cases of annular pancreas in which oper- 
ative intervention was employed. The first of these was by Lehman,” in 1942, 
and the second by Payne,”* in 1951. Between these two papers, and up through 
the year 1952, a number of articles appeared on the subject of annular pan- 
ereas which are for the most part case reports. There is little written on 
annular pancreas in infants or children. Since we have seen six cases of an- 
nular panereas in infants, five of which came to operation, it seemed worth 
while to record them. 

The purpose of this paper will be threefold: (1) to bring the literature 
up to date on all cases reported through 1952, (2) to report six cases of patients 
under 6 months of age, and (3) to discuss the problem at it appears in the 
neonatal and infant group. 


LITERATURE 


Since Stofer’s report®? in 1944, 27 cases have been reported, which when 
added to the 47 recorded previously make a total of 74 cases in the literature 
through 1952. We have summarized these 27 cases in Table I, and added the 
6 patients whom we have seen in the past twenty-four months. 

Payne*® tabulated 18 operative cases in 1951, and 17 additional cases have 
been reported in the literature since then, to which we have added 5. The 
total operative cases, therefore, through 1952 is 40, and the 22 recorded since 
Payne’s article are summarized in Table II. 

A summary of pediatric cases is presented in Table III, with notations 
on age, sex, type of operation (if any was performed), results, and remarks on 
points of interest in each ease. 
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EMBRYOLOGY 


A splendid and complete discussion of the developmental aspects of an- 
nular pancreas is to be found in a recent article by Shapiro.*® It points out 
that the pancreas arises from two outgrowths of that portion of the gut which 
later is the second part of the duodenum. The large dorsal anlage becomes 
the tail, body, and superior portion of the head of the panereas. It carries a 
main excretory duct. The smaller ventral anlage is composed of two parts, 
left and right. The left normally atrophies and disappears, while the right 
becomes the inferior portion of the head of the pancreas. It contains a duct 
that joins the duct of the dorsal anlage at one end and the common duct on 
the other, thus becoming the terminal part of the duct of Wirsung. 

The entire pancreas makes a clockwise rotation in developing, so that the 
dorsal and ventral anlage assume different positions ultimately from those at 
the start. It is this rotation that gives rise to two of the three concepts of 
the origin of an annular pancreas. Lecco,’ in 1910, postulated that the right 
ventral anlage might in certain cases be adherent to the duodenum. Then, in 
the process of rotation clockwise, it would be stretched and provide an en- 
cireling piece of tissue which would develop as an annular pancreas. Baldwin‘ 
agreed with this concept basically, but felt that in addition the left ventral 
anlage, which should ordinarily atrophy, might persist and develop so as to 
complete the circle of constricting pancreas. The third theory of the origin 
of annular pancreas is a simple hypertrophy thesis as promulgated by Tieken*® 
in 1901. In this, the ventral and dorsal anlages merely hypertrophy and join 
as an encirclement of the duodenum. 
PATHOLOGY 
Annular pancreas, by definition, describes the gross pathology as it is en- 
countered at the operating table or in the autopsy room. The pancreatic sub- 
stance completely encircles the duodenum, almost always in the second portion, 
at or below the ampulla of Vater. We have had the opportunity to see the 
condition five times in the operating room and to dissect five autopsy specimens. 

In two of the patients (Cases 4 and 6), the pancreas encircled but in no 
way constricted the duodenum. The condition was only incidentally discovered 
at autopsy in Case 4 when the child died at 4 months of age from another con- 
dition. The microscopic sections of the duodenum in this case showed intimate 
infiltration of the duodenal wall by pancreatic tissue (Fig. 1). The other case 
(6) was accompanied by malrotation of the colon and duodenal bands over- 
lying a duodenal stenosis in a 3-month-old child with incomplete intestinal 
obstruction. The annular panereas played a small part in the obstruction, 
the stenosis being principally at fault. This case is representative of most . 
annular pancreas. No obstructive phenomena appear early in life and the 
patient comes to medical attention in later life because of jaundice and/or 
obstruction secondary to pancreatitis, or incidentally at autopsy. | 

Two of the patients (Cases 1 and 2) had severe stenosis of the duodenum 
under the encircling pancreas. Technically, one would have to say ‘‘stenosis,”’ 
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TABLE II. OPperATED CASES (SINCE PAYNE?2¢ IN 1951) 


CASE| 
NO. SOURCE 
19 Nedelec?4 
1946 
20 Hadenté 
1950 
21 Ravitch and Woods?? 
1950 
22 Ravitch and Woods?? 
1950 
23 Ravitch and Woods?? 
1950 
24 Conroy and Woefel!2 
1951 
25 Conroy and Woefel!2 
1951 
26 Bickford and Williamson® 
1951 
27 Anderson and Wapshaw! 
1951 
28 Cattell 
1951 
29 Wakeley3* 1951 
30 Silvis3e 
1952 
31 Shapiro, Dzurik, and 
Gerrish2 
1952 
32 Shapiro, Dzurik, and 
Gerrish29 
1952 
33. Shapiro, Dzurik, and 
Gerrish29 
1952 
34 Shapiro, Dzurik, and 
Gerrish29 
1952 
35 Bovill and Bailey® 
1952 
36 Kiesewetter and Koop 
37 Kiesewetter and Koop 
38 Kiesewetter and Koop 
39 Kiesewetter and Koop 
40 Kiesewetter and Koop 


| AGE AND 
SEX 


17 


yr. 


OPERATION 


Posterior gastro- 
enterostomy 


3% yr. Division of ring 


67 


17 


6 


5 


3 


yr. 


da. 


da. 


da. 


da. 


yr. 


da. 


da. 


da. 


da. 


mo. 


Duodenojejunos- 
tomy 

Duodenojejunos- 
tomy 

Gast roduodenos- 
tomy 

Division of ring 


Gastroentereros- 
tomy 

Gastroentereros- 
tomy 

Division of ring 

Division of ring, 
gastric resec- 
tion 

Division of ring 

Division of ring 


Gast roduodenos- 
tomy 


Duodenoduoden- 
ostomy 


Duodenoduoden- 
ostomy 


Duodenojeunos- 
tomy 


Gastrie resection 


Division of ring 


Duodenojejunos- 
tomy 


Gastrojejunos- 
tomy 


Gastrojejunos- 
tomy 


Gastric resection 


| SULT | 


Cured 
Cured 
Cured 
Cured 
Cured 
Cured 
Cured 
Cured 
Cured 


Cured 


Cured 


Cured 


Cured 


Died 


Cured 


Cured 


Cured 


Died 


Died 


Died 


Died 


Cured 


Malrotation of colon, 


duodenal atresia 


Panereatic fistula 


Pancreatic fistula 


Duodenal atresia 


Duodenal stenosis, com- 
mon duct stenosis 


Mongolism, duodenal 
stenosis 


Duodenal stenosis 


Duodenal stenosis 


Duodenal Mon 
golism, death after 
secondary gastrojeju- 
nostomy 

Severe stenosis of duo- 
denum, aspiration 
death nine days after 
secondary gastrojeju 
nostomy 


stenosis, 


Esophageal atresia with 
tracheoesophageal 
fistula 

Malrotation of colon, 
atresia of duodenum, 
aspiration death 
seventh postoperative 
day 

Malrotation of colon, 
duodenal bands, duo- 
dental stenosis, cured 
after primary duo- 
denojejunostomy failed 


| REMARKS 
M, 
F, 3 da. 
M, 8 da. 
M, 20 yr. on 
F, 26 yr. 
M, 25 yr. 
F, 32 yr. 
M, 36 yr. 
M, 36 yr. maz aa 
M, 37 yr. Eee 
4 
y 
‘ 
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TABLE III]. PrEpIATRIC CASES* 


: CASE | | RE- | 
NO. | SOURCE | DATE | AGE |SEX| OPERATION | SULT REMARKS 
Vidalsé 1905 3 days M Postgastroen- Cured Duodenal atresia 
terostomy 
9 Bells 1922 4 mo. M None Died Multiple congenital de- 
fects of heart, Mee- 
kel’s diverticulum 
8 Kurozawa!l® 1923 1% yr. M None Died 
4 Suskida*4 1923 3% yr. F None Died 
5 Sugawara and 1925 8 mo. M None Died Anal atresia, diaphrag- 
Shibatass (fetus ) matic hernia 
6 Cartellieri# 1927 9 mo. M None Died 
(fetus) 
7 Hennes!? 1928 5 days M None Died 
Smetana®! 1928 1 mo. M None Died Anal atresia, clubfoot, 
cleft palate, cryptor- 
chidism, aplasia of 
left kidney and ureter 
9 Reitano2s 1982 5 mo. M None Died ‘‘Malformation of ab- 
dominal viscera’’ 
10 Gross and 1944 3 days F  Duodenojejun- Cured Malrotation 
Chisholm15 ostomy 
11 Burger and Aldrich’ 1949 4 days F Incision of ring Died No autopsy 
12 Haden16 1950 3% yr. M_ Division of ring Cured 
13. Raviteh and Woods2? 1950 38 days F  Duodenojejun- Cured Duodenal stenosis 
ostomy 
14 Raviteh and Woods2?7 1950 8 days M Gastroduoden- Cured Malrotation of colon, 
ostomy duodenal atresia, por- 
tal vein over duo- 
denum 
15 Shapiro, Dzurik,and 1952 4 days F Gastroduoden- Cured Duodenal atresia 
Gerrish29 ostomy 
16 Shapiro, Dzurik,and 1952 6 days F  Duodenoduo- Died Stenosis of common duct 
Gerrish29 denostomy and duodenum 
17 Shapiro, Dzurik,and 1952 17 days M_ Duodenoduo- Cured Mongolism, duodenal 
Gerrish29 denostomy stenosis 
18 Shapiro, Dzurik,and 1952 8 days F Duodenojejun- Cured Duodenal stenosis 
Gerrish29 ostomy 
19 Kiesewetter and Koop IS days M_ Division of ring Died Mongolism, marked ste- 


nosis of duodenum, 
secondary gastrojeju- 


nostomy 
20 Kiesewetter and Koop t days M Duodenojejun- Died Severe duodenal steno- 
ostomy sis, secondary gastro- 


jejunostomy, aspira- 
tion death 


21 Kiesewetter and Koop 6 days EF Gastrojejunos- Died Esophageal atresia with 
tomy tracheoesophageal 

22 Kiesewetter and Koop 3 mo. M None Died Cerebral agenesis at 

autopsy 

23 Kiesewetter and Koop 5 days M Gastrojejunos- Died Atresia of duodenum, 
tomy malrotation of colon 

24 Kiesewetter and Koop 3 mo. Gastrie resee- Cured Malrotation of colon, 
tion duodenal bands, duo- 


denal stenosis 


uns *Additional case, 3-day-old girl treated by duodenojejunostomy with success by present 
10rs. 


for a very small quantity of air could be forced through the lumen, but in 
neither case could a probe or catheter be admitted. From a clinieal standpoint, 

d therefore, these two had complete intestinal obstruction which necessitated a 
by-passing type operation. The patient in Case 1, on microscopic examina- 
tion of the duodenum, showed extensive and intimate infiltration of the museu- 
lar layers by pancreatic cells (Fig. 2). 


RECENT ADVANCES IN SURGERY Surgery 

July, 1954 

The other two patients (Cases 3 and 5) both presented a complete atresia 

of the duodenum at the point of pancreatic encirclement. These, then, were 

in the same clinical category as the two with marked stenosis, but were patholog- 

ically in a group by themselves. 

In only one of the five patients examined microscopically was there clear. 

cut evidence of a large pancreatic duct present in the annular portion, and it 
is not clear in what portion it was located. 


Fig. 1.—Case 4, Patient S. G. Microscopic section of duodenum 


It seems quite apparent, from what data the literature contains and from 
the study of the six cases we have seen in newborn infants, that partial or com- 
plete intestinal obstruction is present in a very high percentage of sympto- 
matic cases of annular panereas in infaney. 


CLINICAL PICTURE 


The clinical picture presented in cases of annular pancreas is definite, but 
nonspecifie, 

Table IV brings out the very interesting predilection that this condition 
has for the male. This is true in both adult and pediatric cases. In the group 
under 12 years, fifteen of twenty-three cases (65 per cent) were in males, while 
all ages together showed a male incidence of 73 per cent. 
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Only fifteen patients have come to surgery in the pediatric age group, and 
all except one have presented a picture of high intestinal obstruction. They 
have all been newborn infants, except one, and have exhibited the pattern of 
vomiting, few or absent stools, dehydration, and weight loss. Distention has 
not been very much in evidence on physical examination because of the fact 
that only the stomach could be distended, and frequency of vomiting keeps 
that organ quite well decompressed. 


Fig. 2.—Case 1, Patient D. D. Microscopic section of duodenum. 


Supine and erect films of the abdomen usually give the diagnosis of com- 
plete high intestinal obstruction at the level of the duodenum. <A radiopaque 
contrast medium is seldom needed in the intestinal traet. Below the obstrue- 
tion there will be very little or no gas. Fig. 3 depicts an example of the 
‘“‘double-bubble’’ sign, in which the dilation is seen above and below the an- 
nular panereas, with the stenotie portion outlined within the pancreatic en- 
circlement. These detailed points in radiologic diagnosis will be considered 
in a separate paper.’* Suffice it to say that a preoperative diagnosis of an- 
nular panereas is very difficult to make roentgenologically but may be reason- 
ably suspected in the newborn infant with obstruction of the second portion 
of the duodenum. Two of the six cases reported by us were so diagnosed 
preoperatively. 
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Blood chemistry determinations will usually reveal an alkalosis, although 
the true state will be somewhat masked by hemoconcentration due to dehydra- 
tion. 

The indication for surgical intervention is obvious, but diagnosis of an 
annular pancreas ¢an be no more than an educated guess. 

Annular pancreas is frequently found in association with other congenital 
anomalies. In twenty-five of the eighty reported cases, or 31.2 per cent, the 
patient had some associated type of abnormality (23, 32, Table 1). If only 
the pediatrie group (Table IIL) is considered, eighteen of twenty-four, or 75 
per cent, had associated anomalities. If four pediatric cases in which only 
seanty reports are available and one patient on whom no autopsy was per- 
formed are eliminated, eighteen of nineteen, or 95 per cent, had associated 
congenital anomalies. Sixteen of these eighteen had anomalies which were in 
themselves incompatible with life. 


Fig. 3.—Roentgenogram illustrating the “double-bubble” sign. 
TREATMENT 

Two general approaches to the therapy of annular pancreas have been em- 
ployed in children. Surgical effort has been directed to the annular pancreas 
itself by dividing and oversewing the cut ends. Three of fifteen operative 
patients were thus treated and two died (Table V). The one who lived was 
a 3l4-year-old child who had the adult rather than the newborn variety. 
The remaining twelve operative patients had a by-passing anastomosis. The 
desirability of this method was emphasized by Gross,’° and our experience 
bears it out. Eight of the twelve sidetrackinge procedures were successful 
(Table V). All of these infants had atresias or such severe stenoses that no 
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other type of procedure could have been successful. This factor is of para- 
mount importance in considering therapy in the infant group. Therefore, it 
would seem wise to treat all newborn infants with annular pancreas by duo- 
denostomy or duodenojejunostomy because of the likelihood of the lumen of 
the duodenum being compromised. 


TABLE IV. SEx 


NONOPERATED OPERATED | 
Male 27 25 
Female 4 15 es 
Total 31 40 


(Unknown, 9) 


NEWBORN CHILDREN 


AND INFANTS CHILDREN ADULTS 
~ Male 12 9 36 
Female 7 ] 10 
Total 19 3 46 


Unknown, 12) 


TABLE V. MORTALITY 


| MORTALIT 


RESECTION OF RING ALIVE DEAD (PER CENT) 
Newborn children and infants 0 D) 
Children 1 0 31 
Adults 10 3 
Total 1] 5 


BY-PASSING (WITH OR WITHOUT 
GASTRIC RESECTION ) 


~ Newborn children and infants 7 4 
Children 1 0 33 
Adults 8 4 =< 
Total 16 8 


Symptomatic annular pancreas in other than the newborn infant ean 
he and has been effectively handled by resection of the ring. This is attended 
by a high percentage of pancreatic and/or duodenal fistulas. Fourteen pa- 
tients beyond the newborn period have been treated by resection of the ring, 
and six have developed fistulas (43 per cent). This may be readily explained 
by the fact that there is frequently a major branch of the excretory duct of the 
pancreas lying in the annulus as it joins the duct of Wirsung after traversing 
across and behind the duodenum on its right side. The likelihood of fistula 
formation raises the question of the advisability of the procedure in any age 
group. 

The dilated proximal duodenum should be used in the anastomosis to 
lower duodenum or jejunum, Gastroenterostomy is a simpler procedure but 
‘arries with it the problems of the blind duodenal loop. 


CASE REPORTS 
Case 1.—D. D., a 2-week-old white boy, was admitted to the Children’s Hospital of 


Philadelphia on Aug. 2, 1951, with a chief complaint of ‘‘blueness since birth.’’ Pregnancy 
was complicated by bleeding during the first few months, and delivery was three weeks 
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premature. The child was a forceps delivery, and there was excess aniniotie fluid, but 
labor was not remarkable. There was no cyanosis after birth although the father saw 
the child within the first forty-eight hours and described his appearance as ‘‘blue.’’ Birth 
weight was 5 pounds, 14 ounces, and dropped to 4 pounds, 7 ounces on the fourteenth day. 
History was not clear during this interval but there was difficulty in feeding, with fre. 
quent vomiting. Physical examination on admission was negative except for some pneu- 
monitis, a Mongoloid appearance, and mild cyanosis. A chest film revealed diffuse bilateral 
bronchopneumonia, and the child’s condition remained quite precarious. There was con- 
tinuous vomiting of all feedings and great peristaltic waves passing across the abdomen 
from left to right. Pylorie stenosis was considered, although no pyloric tumor could be felt. 
An upper gastrointestinal series was undertaken which revealed obstruction at the pylorus, 
At operation, an annular pancreas was found. The duodenum above the lesion was 
dilated and it was felt upon exposure that the pancreas could be safely divided; this was 
carried out with the cut ends of the pancreas being oversewn to prevent leakage of pan- 
creatic juice. Air was then manually pushed through the portion of duodenum formerly 
enclosed by the pancreas, and it was felt that the duodenum ballooned up to normal caliber, 
Frequent flat plates of the abdomen in the first six days postoperatively failed to reveal 
any gas passing beyond the stomach or the first part of the duodenum. On Aug. 14, an- 
other exploration was carried out, and without any attempt to look at the old area, an 
antecolic isoperistaltic gastrojejunostomy was performed, The child survived the procedure 
for a period of only twelve hours. 

Post-mortem examination revealed an annular pancreas overlying and surrounding 
the second portion of the duodenum. The lumen of the duodenum was pin point in size 
and would not allow the passage of a probe. In addition, the child was a Mongol with 
bilateral pneumonia and pancreatic fibrosis microscopically. 


Case 2.—B. W. was a full-term Negro boy born July 27, 1951. He retained none of 
his oral feedings and two gastrointestinal series performed at another hospital gave the 
impression of a duodenal atresia. The child was admitted here on Aug. |. A diagnosis 
of duodenal atresia was made, and at operation the gastrointestinal tract was followed 
from the stomach to a point 2 cm. beyond the pyloric vein, where it came to an abrupt 
end. A posterior duodenojejunostomy was performed, The child’s condition remained 
critical and was complicated by aspiration of some barium before admission to the Chil- 
dren’s Hospital. The child was retained on parenteral fluids but continued to vomit. On 
Aug. 8, x-ray examination showed no lodochlorol beyond the stomach, and the duodeno- 
jejunostomy was considered kinked or blocked. A second operation on that same day gave 
no evidence as to why the previous jejunostomy should have failed to function, and a gas- 
trojejunostomy was performed. On the second postoperative day, the abdomen showed 
considerable air throughout the entire bowel. 

On Aug. 12, the child eviscerated, and stainless steel wire sutures were placed to close 
the abdominal wall. In spite of this, the child seemed to improve, was fed by mouth, and 
had several bowel movements. On Aug. 16, he regurgitated one of his feedings and be- 
came apneic. He was revived, but had several other such spells in the next six hours, and 
died. 

Post-mortem examination showed a severe duodenal stenosis under an annular pan 
creas. A probe could not be passed through the stenosis. Both anastomoses were patent. 
The lungs showed aspiration pneumonia. 


CasE 3.—P. G. was a 4-pound, 9-ounce girl, born Sept. 23, 1951, and admitted to this 
hospital with a chief complaint of ‘‘cyanosis with feedings.’’ The child arrived at the 
hospital on the sixth day of life with a diagnosis of esophageal atresia with tracheo- 
esophageal fistula. The child had had several meconium stools between Sept. 23 and Sept. 
27. X-ray studies confirmed the diagnosis of esophageal atresia with tracheo-esophageal 
fistula and raised the question of some type of duodenal obstruction because there was n0 
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air present below the duodenum. The roentgenologist’s report includes the following state- 
ment, ‘‘The appearance is not unlike our two recent cases of annular pancreas.’’ 


Operation for the correction of the esophageal atresia and tracheo-esophageal fistula 
was carried out on the day of admission. The child’s postoperative course from this pro- 
cedure was satisfactory, and on Oct. 1, the child was taken to the operating room for cor- 
rection of the intestinal obstruction of the duodenum. With a minimum amount of explora- 
tion, a gastrojejunostomy and gastrostomy were performed. It was felt that there prob- 
ably was an annular pancreas present but the condition of the child made it impossible to 
investigate this completely. The child’s condition postoperatively was precarious, and 
on the second postoperative day she went into vascu'ar collapse and died eight hours later. 

Post-mortem examination showed an intact, repaired esophagus, duodenal atresia 
under an annular pancreas, and acute bronchopneumonia. The gastrojejunostomy was 
open and functional. 


CASE 4.—S. G. was a 7-pound, 3-ounce white boy who was admitted to the neurosurgi- 
eal service on Nov, 3, 1951, at the age of 3 months, with the chief complaint of convulsions. 
The child had no history whatever of any intestinal tract disorder, being able to feed 
normally and vomiting only after a severe convulsion. After study, it was felt that there 
was probably a loealized focus on the left side causing the convulsions, and therefore a 
left frontoparietal craniotomy was performed; as the dura was being opened the child went 
into cardiac arrest, from which it was impossible to revive him in spite of positive pressure 
oxygen and cardiac massage. 

It was only at post-mortem examination that the diagnosis of an asymptomatic an- 
nular pancreas was made incidental to marked cerebral agenesis. 


Case 5.—W. K., a 5-day-old infant, was admitted on March 30, 1952, weighing 3 
pounds, 13 ounces, and with a chief complaint of ‘‘intestinal obstruction.’’ The child had 
vomited everything it was fed since birth, A flat plate of the abdomen revealed a gas- 
filled stomach with obstruction in the second part of the duodenum. The roentgenologist’s 
report read as follows, ‘‘There is apparently a complete obstruction just below the duo- 
denal bulb. This looks almost exactly the same as our three previous cases of annular 
pancreas. Naturally, there is nothing specifically diagnostic about the films, and other 
causes of duodenal obstruction should be considered, such as an atresia, a veil, or a band.’’ 


Operation was undertaken, and a definite annular pancreas and atresia of the duo- 
denum were found. There was, in addition, a malrotation of the colon with the cecum in 
the midline of the epigastrium. A simple isoperistaltic gastrojejunostomy was performed. 
On the fourth postoperative day, the child’s flat plate of the abdomen showed gas through- 
out the entire intestinal tract, and he tolerated mouth feedings of glucose water. The 
child seemed to be progressing satisfactorily until the evening of the seventh postoperative 
day, at which time the child aspirated some of its formula, had a cyanotic attack, became 
worse, and died. 

Post-mortem examination revealed milk curds in the trachea. In the abdomen, a 
complete atresia of the duodenum was present beneath the annular pancreas. The anas- 
tomosis between the stomach and jejunum was intact and adequately functional. There 
was a malrotation of the colon and multiple accessory spleens, 


Case 6.—T. C., a 3-month-old girl, was admitted to the Children’s Hospital of Philadel- 
phia on Jan. 13, 1953, with the history of having been well for the first two months of life. 
At that time she had a change of formula and began vomiting. The vomiting was in 
daily small quantities, and with careful adjustment of the amounts fed the child, the 
mother could keep the emesis to a minimum. The severity and frequency of vomiting in- 
creased markedly on the day prior to admission, and the child went into shock. Hospital- 
ized at another institution, she received parenteral fluids, and a diagnosis of intestinal 
obstruction was made. On transfer to this hospital, exploration was carried out and she 
was found to have malrotation of the colon with duodenal bands overlying a definite 
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duodenal stenosis. Above the stenosis, in the second portion of the duodenum, an annular 
« a 


pancreas was found which was not causing an obstruction, although the duodenum and 


stomach were tremendously enlarged proximal to it, A duodenojejunostomy was per- 
formed and the child improved. However, at the end of one week little had gone 
through the anastomosis, although contrast medium showed it to be open. Another ex- 
ploration was carried out, and the enlarged stomach was still present, but no reason was 


apparent to explain why the anastomosis was not functioning. <A gastrojejunostomy was 
performed but likewise failed to function. It was thought that the huge stomach which 


extended down into the pelvis was kinking the anastomoses. Therefore, on Jan, 27. 9 
27, 


subtotal gastrectomy was carried out. The child did well after this procedure and was 


discharged on full mouth feedings. Follow-up for nine months revealed normal growth 


and development. 


SUMMARY 


Annular pancreas has been reviewed and brought up to date through 1952, 
with special reference to operated cases and those found in the pediatric age 
group. 


Six additional cases of our own in infaney are reported. 


The problem in infancy is discussed, and treatment by duodenojejunos- 


tomy is urged because of the high pereentage of atresias or stenoses found 
beneath the annular pancreas. 


ADDENDUM 


Since the completion of this paper for publication, an additional newborn infant has 


been seen with an annular pancreas that lay 2 em. above an atresia of the duodenum, 


The pancreas was not technically obstructing but was part of the usual picture of con- 


comitant atresia or stenosis. This child had a duodenojejunostomy performed and went 


on to recovery (see Table IIT). 


REFERENCES 


. Anderson, J. R., and Wapshaw, H.: Brit. J. Surg. 39: 43, 1951. 

. Baker, J. W., and Wilhelm, M. ©.: Gastroenterology 15: 545, 1950. 

. Baldwin, W. M.: Anat. Ree, 4: 299, 1910. 

. Bell, H. H.: Anat. Ree, 23: 315, 1922. 

. Bickford, B. J., and Williamson, J. C. F.: Brit. J. Surg. 39: 49, 1951. 

. Bovill, E. G., and Bailey, W. J.: oJ. Michigan M. Soe. 51: S37, 1952. 

. Brown, M., Bingham, D. L. C., and Cronk, L. B.: Gastroenterology 11: 367, 1948. 
. Burger, R. E., and Aldrich, EF. A.: South. Surgeon 15: 85, 1949. 

9. Cartellieri, P.: Virchows Arch, path. Anat. 263: 599, 1927. 

10. Cattell, R., quoted by Payne.26 

11. Chapman, J. L., and Mossman, H. W.: Am. J. Surg. 60: 286, 1943. 

12. Conroy, C. F., and Woefel, G, F.: SurGery 29: 902, 1951. 

13. Custer, M. D., and Waugh, J. M.: Proc. Staff Meet., Mayo Clin, 19: 388, 1944, 
14. Goldyne, A. J., and Carlson, E.:) Am. J. Surg. 71: 420, 1946. 

15. Gross, R. E., and Chisholm, T. (.: Ann. Surg. 119: 759, 1944. 

16. Haden, W. D., Jr.: Radiology 55: 859, 1950. 

17. Hennes, P.: Virchows Arch. f. path. Anat. 270: 764, 192s. 

18. Hope, J. W.: Radiology. To be published. 

19. Kurozawa, 8., quoted by Smetana.*! 

20. Lecco, T. M.: S. B. Akad. Wiss. Wien. 119: 391, 1910. 

21. Lehman, E.: Ann. Surg. 115: 574, 1942. 

22. Merkovits, P., and Dionisi, P.: Gaz. méd, de France 57:: 717, 1950. 

23. McNaught, J. B.: Am. J. M. Se. 185: 249, 1933, 

24. Nedelec, T.: Mém. Acad. de Chir. 72: 315, 1946. 

25. Ohlmacher, A. P., and Marshall, FE. A.: Am. J. Surg. 79: 473, 1950. 

26. Payne, R. L., Jr.: Ann. Surg. 133: 754, 1951. 

27. Ravitch, M., and Woods, A. C., Jr.: Ann. Surg. 132: 1116, 1950, 

28. Reitano, R.: Arch. ital. di anat. e istol. pat. 3: 755, 1932. 


~ 


wi 


; 
‘ 


urgery 
1954 


ular 
and 
per- 
rone 

ex- 
Was 
was 
hich 
7, a 
was 
wth 


Volume 36 RECENT ADVANCES IN SURGERY 


Number | 


29. 
30. 
31. 
32. 
33. 
34, 


35. 


36. 


37. 


Shapiro, Dzurik, F. J., and Gerrish, E. W.: Pediatries 9: 764, 1952. 
Silvis, R. S.: Ann. Surg. 135: 278, 1952. 

Smetana, H.: Beitr. z. path, Anat. u. z, allg. Path. 80: 239, 1928. 

Stofer, B. E.: Am. J. M. Se. 207: 430, 1944. 

Sugawara, K., and Shibata, I., quoted by Smetana.31 

Suskida, H., quoted by Smetana,?! 

Tieken, T.: Am. Med, 2: S826, 1901. 

Vidal, E.: Compt. rend. Cong. frane. de chir, 18: 739, 1905, 

Wakeley, J. C. N.: Laneet 2: 811, 1951. 


= 159 | 
ive 
OS- 
ind 
has 
Im, 
Oon- 
ent 


Appraisal of Progress in Surgical Therapy 


CONDUCTED BY WARREN H. Cour, M.D. 
ASSISTED BY 
J. GARROTT ALLEN, M.D. CLARENCE DENNIS, M.D. 


FOREWORD 


ECAUSE medieal and surgical literature has become so abundant, and often 

controversial, during recent vears, SURGERY is initiating a new section in 
this issue to assist the reader in assaying and assimilating surgical thoughts and 
techniques. It is impossible for even the trained surgeon to read all the surgical 
literature and properly assimilate or appraise it for true values; the surgical 
trainee is likely to have even more difficulty in separating the factual from the 
theoretical. Surely there is need or justification for an arbiter of surgical 
contributions. 

The purpose of this new section is to have someone experienced in an im- 
portant but perhaps controversial field review the various prevailing ideas and 
attempt to separate the controversial from factual data or thought. The same 
will apply to surgical techniques. For certain subjects, or techniques, which are 
of recent origin, it will appear desirable to have an experienced surgeon sum- 
marize the various techniques, but particularly to describe the one which he con- 
siders most applicable or successful. 

Approximately one article per month will be devoted to this purpose. The 
editors of SuRGERY welcome suggestions regarding topies for discussion. The 
first subject chosen for this type of discussion relates to a presentation of ideas 
on the types of arterial suture. As time passes, aspects of various specialties of 
surgery will be chosen for appraisal. We hope the reader finds this new venture 
to be of practical help in clarifying some of the confusing ideas prevailing in 
surgical thought and technique. 

WaRREN H. CoLe 
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TECHNIQUES IN ARTERIAL SURGERY 
ORMAND C. JULIAN, M.D., WILLIAM J. Grove, M.D., AND 
CLARENCE A, NorBerG, M.D., Cuicaco, ILL. 


(From University of Illinois, College of Medicine, Chicago, and the Veterans Administration 
Hospital, Hines, Ill.) 


N RECENT years there has been a rapid increase in the facility with 
| which a great variety of arterial lesions may be handled by direct surgical 
management. The growing proportion of reports pertaining to arterial 
surgery as compared with those in other fields of surgery is evidence of the 
increased interest. It is apparent from these reports that the problems which 
have been encountered by the various workers have been similar. 

Special suture material has been developed, new instruments have been 
designed, and better methods of anastomosis have evolved. The indications 
for the proper use of these materials and techniques have become clear. 
However, details of the technical points are often only briefly outlined. It 
is the purpose of this presentation to discuss in some detail the materials and 
techniques of vascular surgery. 

SUTURE MATERIAL 

Suitable suture materials of the atraumatic type have become widely 
available. The most applicable of these is braided silk or nylon swedged to 
a fine, curved needle. Although available in several sizes, the 00000 size is 
most frequently used. Catgut, size 00000 swedged onto a similar needle, is 
also available. The absorbable character of catgut suture may indicate its 
use in situations where a suture line is expected to grow with the growth of 
the remainder of the arterial system. No other superiority of catgut to the 
nonabsorbable suture has been demonstrated. 

INSTRUMENTS 

Much attention has been paid to special needle-holders for the satis- 
factory introduction of fine needles (Fig. 1, D). Particularly desirable 
characteristics of such holders were thought to be a narrow jaw and a thumb- 
lock spring arrangement for releasing the needle. Such needle-holders are 
eminently satisfactory in suturing soft, normal arteries. However, the 
passage of an arterial needle through the layers of an arteriosclerotic vessel 
requires a needle-holder that will grasp the needle more firmly in order that 
direct, in-line foree may be exerted on the penetrating point. <A large needle- 
holder with a semicurved, diamond-engraved, super-hardened steel jaw has 
proved its superiority for this purpose (Fig. 1, Z). When a needle is grasped 
in the very end of the jaws of such a needle-holder it is held firmly yet is not 
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damaged. The greater size of the handles makes its manipulation more 
certain. Its efficiency has caused it to be adopted in all vaseular work on 
our service. 


Fig. 1.—Clamps and needle-holders useful in vascular surgery. A, Potts ductus clamp, 
B, Potts coarctation clamp, C, Southwick clamp (screw-down clamp utilizing Potts-principle 
teeth), D, spring-lock needle-holder, &, diamond-point needle-holder, F, full-curved coarctation 
clamp. 


A great variety of special vessel clamps has been designed. Many of 
them reduplicate the purpose of others. Some have been designed for such 
specialized purposes that they are rarely used. This armamentarium may be 
considerably simplified. It is required that instruments for use in arterial 
surgery be as atraumatie as possible, that they be free of the danger of 
slipping, and that the design be such that their shape is proper for the use 
intended. An excellent and widely used principle for instruments designed 
to clamp arteries was conceived by Potts. The jaws of Potts clamps are 
provided with multiple fine, sharp teeth, placed very close together so that 
they cannot penetrate the wall of the vessel. The ‘‘tooth principle’’ has been 
applied to a variety of vascular instruments (Fig. 2). The most useful is the 
original straight clamp designed by Potts. It is made in two weights (Fig. 
1, A and B). The heavier weight is used to cross-clamp the aorta; the 
lighter one may be applied to smaller arteries or to the patent ductus arterio- 
sus in preparation for its division and suture. The ordinary hemostatic lock 
which is used in this instrument makes it unsuitable for application to large 
diseased arteries. This is because the jaws are too closely approximated even 
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when only the first notch of the lock is engaged. One form of instrument 
incorporating the principle of Potts teeth overcomes this disadvantage be- 
eause the jaws may be gradually approximated by a serew action. In addi- 
tion, the jaws are at right angles to the handle, making it an ideal instrument 
for application to the diseased aorta in a convenient transverse direction 
(Fig. 1, (). The Potts principle has also been incorporated in bulldog-type 
spring clamps, which are useful when occlusion without absolute control is 


required. 


Fig. 2.—Detail of teeth of clamps shown in Fig. 1. 


TYPES OF ANASTOMOSES 
A limited number of types of suture placement have real usefulness in 
arterial work. A continuous suture which everts a cuff of artery, and in so 
doing opposes intima to intima, is a standard method. The second continuous- 
type suture of great usefulness is the simple over-and-over suture, which 
brings tegether the cut edges along the suture line without everting them. 
The everting or continuous mattress suture would appear to have greater 
strength than an over-and-over suture. The greater strength can be aseribed 
to the stapling effect of the suture, which distributes the tension to a segment 
of vessel wall and avoids the cutting-to-the-edge effect of the simple over-and- 
over suture. Either of these suture methods may also be applied in an 
interrupted fashion. An interrupted technique would seem desirable when 
a suture line must be placed in its entirety before approximation of the 
edges of vessel is obtained. 
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Continuous sutures of the everting and over-and-over types may be 

combined to form a two-layer anastomosis. Several very distinct indications 

exist for the use of this kind of suture method. It is particularly useful in 

the anastomosis of a diseased to a normal artery, or an artery of large 
diameter to one of smaller diameter. 


Fig. 3.—Detail of sutures in resection of uncomplicated coarctation of aorta, an example of 
continuous everting mattress suture. Note rotation in D for placement of posterior row. 


Anastomosis of normal artery to normal artery is required in the re- 
section of most coarctations (Fig. 3), in the repair of vascular trauma, and 
in such operations as the Potts procedure of aorta-pulmonary anastomosis for 
tetralogy of Fallot. The suture method of choice in the anastomoses between 
normal arteries is the continuous everting mattress suture. This is easily 
applied when, as is usually the case, each side of the anastomosis may be 
rotated into view as it is sutured. At the outset, after bringing together the 


ends to be anastomosed, mattress sutures are placed at the two extremities of 
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the proposed anastomosis (Fig. 3, B and C). The posterior layer of the 
anastomosis is then exposed by appropriate rotation of the clamps, and the 
sutures are placed (Fig. 5, D). In normal vessels the needle is passed slightly 
more than | mm. from the vessel edge, and stitches are placed about 1 mm. 
apart. The tension applied to the suture must be in the direction of the 
anastomotic line in order to avoid pulling through the arterial edges and to 
avoid a purse-string effect. When the posterior line reaches the second 
previously placed suture, it is tied, the clamps are rotated back into their 
original position, and the anterior layer is made (Fig. 3, #). If rotation for 
visualization of the posterior layer is not possible, the same type of suture may 
be used, but in this instance it is placed between the separated edges of the 
posterior layer without either preliminary holding suture being placed. The 
vessels are then approximated by a direct in-line pull on both ends of the 
suture. Stay sutures are then introduced at each extremity in order to 
anchor the ends of the posterior layer, and the more easily accessible anterior 
suture line is made. 


Fig. 4.—-Detail of end-to-end arterial anastomosis by over-and-over suture. The placement of 
the posterior row through the lumen is shown in C. 


Anastomoses between normal arteries by the simple over-and-over continu- 
ous suture method are used by some (Fig. 4). More suture material is ex- 
posed on the inner surface of such an anastomosis than is the case with the 
mattress suture, but this does not appear to be a serious disadvantage from 
the standpoint of possible thrombosis. The lesser tensile strength of this 
suture method is apparent more during its placement than after completion 
of the anastomosis. The continuous over-and-over suture may be placed 
without rotation by working from within the vessels on the posterior layer 


(Fig. 4, C). 
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Another example of the usefulness of the continuous everting mattress 
suture is in the repair of a complicated coarctation in which a normal homol- 
ogous artery graft is used. Grafts have application in coaretations of un- 
usual length or those complicated by an aneurysm. In older patients the 
graft obviates the dangers inherent in attempting to perform direct anastomo- 
sis under some tension in the sclerotic aorta. When a graft is used, the first 
suture line is usually a simple exercise because the graft may be lifted up 
for placement of the posterior suture line without rotation or other dis- 
tortion of the field (Fig. 5). The second suture line, usually the distal one, 
involves rotation whenever it is possible, or complete placement of the 
posterior line before tension is applied. 


Fig. 5.—Resection of a long coarctation of the aorta. An example of graft placement 
in a normal vessel. The ease of placement of the posterior row at one end is shown in B. 
Rotation for the distal posterior row is accomplished as in Fig. 3, D. 


Some theoretical considerations have led to the applieation of a double- 
layer combination of the two types of sutures in anastomosing normal artery 
to normal artery graft. The possibility that a graft may shrink in thickness 
before cohesion by the healing process, as well as the possibility of delay in 
fibrous tissue bridging of the anastomosis, has led us to seek a more secure 
mechanical approximation. The time involved in adding a continuous over- 
and-over suture to the everted edges produced by the first layer of continuous 
mattress suture is negligible, and it gives maximum security to the anastomosis. 

A more absolute indication for the use of a double suture line is met 
when it is necessary to make an anastomosis between a diseased artery and a 
normal homologous graft. When the abdominal aorta is replaced by a graft 
after resection for an aneurysm or chronic thrombosis, a double-layer 
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anastomosis is always used (Fig. 6). The double-layer method is particularly 
adaptable in aneurysmal cases in order to overcome the disproportion in size 
between the remaining aorta above the aneurysm, which is always enlarged 
to a significant degree, and the small size of the normal graft. Beeause of 
the disproportion, the inner row of continuous everting mattress suture is 
varied somewhat from the usual application. Each suture passage in the 
normal graft is placed 1 mm. from the next. In the recipient diseased aorta, 


Fig. 6.—Proximal anastomosis of graft to aorta after resection of abdominal aneurysm 
as an example of anastomosis of graft to diseased vessel. Disproportion in sizes of vessel is 
shown in A. In @ and D the corresponding disproportion necessary in placement of sutures is 
shown. D shows the beginning of the second layer of sutures, over and over. E and F are 
cross sections of the anastomosis before and after the second layer is made. 


the placement is 2 mm. apart or, indeed, whatever distance is required to 


provide the same number of suture passages on each side over disproportionate 
distances, This line of sutures, instead of being placed 1 mm. from the edge 
of each vessel, is placed approximately 3 mm. from the edge. The proper 
amount of tension results in stretching of the normal elastic aorta and com- 
pressing of the dilated, sclerotic vessel. One further feature of the place- 
ment of this suture which aids in preventing leaks from tucks in the longer 
edge is indicated in Fig. 6. It will be noted that the puckering tendency is 
partly overcome by making each needle passage from the inside out, on the 


ery 
954 
‘SS 
n- 
he 
0- 
st 
ip 
S- 
e 
- yr , 
5 
===" 
be? A 
“f 
| Ae 


168 APPRAISAL OF PROGRESS IN SURGICAL THERAPY Surgery 

July, 1954 
longer side, a relatively short distance from the previous suture, while the 
passage from outside in, which has a stapling effect, is more widely placed. 
The final guarantee against leaks in the anastomosis cf disproportionate 
vessels is the continuous over-and-over suture which is placed in the everted 
edge produced by the first layer. 

A simple continuous over-and-over suture is primarily indicated when a 
normal vein graft, either autogenous or homologous, is used to bridge a defeet 
in a small artery in the extremity after resection of an obstructed segment 
(Fig. 7). In this case the use of a mattress suture would result in the in- 
vagination of the thin, pliable vein into the stiffer artery if a mattress suture 
were used. Hence the diameter of the anastomotic line Would be decreased 
to some degree. An over-and-over suture placed with only moderate tension 
produces end-to-end approximation without invagination. Interrupted over- 
and-over sutures are particularly useful in vein-to-artery anastomoses in that 
they allow for expansion of the suture line when the arterial pressure is 
applied. When a continuous-type suture is used, the need for sueh expansion 
after completion of the anastomosis must be kept in mind. Undue tension 
must not be used in drawing upon the suture during its introduction. 


\ 


_. Fig. 7.—Representation of anastomosis between diseased artery and normal vein graft 
utilizing a simple over-and-over technique. In A, stay sutures have been placed at each ex- 
tremity of the anastomosis. These are tied before the suture line is started. The posterior row 
is visualized by suitable traction on the stay sutures. 


USE OF HEPARIN 


Heparin is important in vaseular surgery but cannot be used routinely. 
In certain forms of arterial work it is obligatory; in others it is questionable; 
and it occasionally produces complications which are disastrous to the 
surgical result. When, during the course of surgery, the blood flow through 
arteriosclerotic channels is to be interrupted for a significant length of time, 
there is distinct danger that thrombosis may oceur both proximal and distal 
to the point of temporary occlusion. Not much concern need be felt for the 


g 2 
=a 
TZ 
} 
B 
A 
a 
S = 


surgery 
1954 


the 
eed, 
nate 
rted 


feet 
nent 
in- 
ture 
ised 
sion 
ver- 
that 
e is 
sion 
sion 


raft 
ex- 
row 


sly. 
le ; 
the 
igh 
me, 
tal 
the 


Rise “4 APPRAISAL OF PROGRESS IN SURGICAL THERAPY 169 
umber 
thrombus which may form above, because in every case blood is allowed to 
flow freely out of the vessel before an anastomosis is completed. Distally a 
similar procedure is never entirely effective. In order to prevent the forma- 
tion of clots in the region distal to the temporary interruption, physiologic 
saline solution containing 1 mg. of heparin per cubie centimeter may be in- 
jected intermittently into the channel. Continuous infusion of the heparin- 
saline solution is easily accomplished by placing a small polyethylene tube 
down through the cut end of the vessel past the clamp. Care must be taken, 
of course, that the clamp occluding the vessel does not also collapse the 
polyethylene tube. The direct introduction into the artery of 100 to 150 mg. 
of heparin during the course of a two- or three-hour operation will not pro- 
duce much change in the coagulation time of circulating blood. There are 
very few circumstances in which this technique may not safely be used and in 
which it is not beneficial. Heparinization of a newly formed channel in a 
major artery is probably never necessary. <A graft newly placed in the 
aortic bifurcation carrying blood freely to distal channels which are not 
themselves occluded will provide a free flow of blood which prevents throm- 
bosis in the graft. In a smaller channel, such as a vein graft replacing the 
superficial femoral artery, the likelihood of thrombosis within the graft is 
increased because of the small size of the channel in relation to the blood flow. 
The likelihood of clotting is distinctly increased if, in the course of 
preparation of the arteriosclerotie ends of the vessel adjacent to the resected 
segment, some of the intima together with sclerotic material has been re- 
moved. In such eases it is useful to continue heparinization after surgery. 
This may be done by the systemic administration of heparin, either intra- 
venously or subcutaneously. Smaller amounts of the drug may be used with 
perhaps greater efficiency if it is instilled directly into the artery above the 
operative region. A small polyethylene catheter introduced through a thin- 
walled needle into the lumen of the artery may be used for this purpose. 
The catheter is brought out to the surface of the body through a small needle 
puncture wound in the skin. Suitable pumps are available for the measured 
slow introduction of heparin through such a eatheter. It is also possible to 
regulate the drip of solution from an ordinary saline infusion bottle to which 
the heparin has been added, if it is placed high enough above the patient to 
overcome the arterial pressure. The complication most to be feared from 
continuous heparinization postoperatively is slow hemorrhage from the 
artery-to-vein suture line. The patient must be watched carefully so that a 
gradually forming hematoma will be detected. Re-exploration of the anasto- 
moses is indicated if one should form. 


HYPOTENSION AND HIBERNATION 


Two new techniques in general management of patients during surgery 
are particularly applicable in many cases of major arterial surgery. The 
induction of controlled hypotension through the use of Arfonad* produces 


*Arfonad, d-3, 4 (1’, 3’-dibenzyl-2’ keto-imidazolido)—1, 2 trimethylene thiophanium 4d- 
camphor sulfonate. 
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several distinet advantages. The principal benefit to be derived from a 50 to 
90 mm. lowering of the patient’s blood pressure is the great lessening of trauma 
against the proximal occluding arterial clamp. This benefit shows up best in 
operations upon the arteriosclerotic aorta whether the lesion be chronic throm- 
bosis or aneurysm. The pressure needed to occlude blood flow under hypo- 
tension is less, and the pounding of the systolie pulse against the clamp after 
it is applied is diminished. The great technical advantage gained is not, how- 
ever, without cost. Under conditions of lowered pressure there is no doubt 
an increased likelihood for arterial thrombosis to oeeur in such regions as the 
brain, coronary arteries, or in selerotie vessels in the lower extremities. 
Chemical hibernation and hypothermia are also of use in major vascular 
surgery in instances presenting the necessity of temporary interruption of the 
arterial supply of such vital structures as the kidneys. The effect of Chlorpro- 
mazine* in reducing cell metabolism and thereby reducing oxygen need may 
considerably prolong the length of time vital arterial flow may be interrupted. 
Acceptable laboratory proof of the action of Chlorpromazine is still lacking. 
However, its use should be considered in conditions in which there is a 
possibility that the aorta will require occlusion above the renal arteries. 


SUMMARY 


1. Techniques of blood vessel suture under various circumstances are often 
briefly presented in articles describing vascular surgical deyelopments. 

2. The methods of placement of an everting mattress suture anastomosis, a 
simple over-and-over anastomosis, and a combined, two-layer anastomosis are 
deseribed and illustrated. 

3. The general indications for the use of each of these methods are discussed. 

4. The use of heparin in arterial surgery is briefly outlined. 

5. The application of hypotensive techniques and hypothermia to arterial 


surgery is discussed. 


*Chlorpromazine; Smith, Kline & French Laboratories. 
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The Roentgen Aspects of the Papilla and Ampulla of Vater. by Maxwell R. Poppel, M.D., 
Harold C, Jacobson, M.D., and Robert W. Smith, M.D., New York University. Pp. 
195, with 106 figures, 8S tables. Springfield, 1953, Charles C Thomas, Publisher. 


Anatomically, the major papilla is the projection of the ampulla of vater through 
the duodenal mucosa in the descending portion of the duodenum. Roentgenologiecally, it 
is necessary to include the mucosal elevation just proximal to the anatomic papilla, since 
it is not always possible to distinguish between the two in roentgen studies. 

Special anatomicoroentgenologie studies were carried out in 100 specimens, in each of 
which a segment of the descending duodenum with intact papillae was mounted on eard- 
board. A mixture of barium and water was then applied to the mucosal surface, and 
roentgen studies were made on cardboard cassettes to study anatomic features of the 
papillae and the surrounding mucosa. A mixture of barium and water was injected into 
the common duct to study the junetion of the biliary and pancreatic ducts in twelve 
specimens, and a critical analysis of the frequeney, size, and type of ampullary dilatation 
was made in thirty-six specimens. Results of these findings are given, 

Clinieal and roentgenographic discussion of benign and malignant tumors, inflamma- 
tory lesions, and caleareous disease affecting the vaterian segment are discussed at length. 
One chapter is devoted to the differential diagnosis between the various etiological factors 
capable of producing a small mass in the region of the vaterian segment and between 
the various lesions causing extrinsie pressure defects on the convex border of the descend- 
ing duodenum. Procedures used in the diagnosis of these lesions are also discussed. There 
still remains to be developed some method of portraying the distal portion of the common 


duet and the pancreatic ducts in the intact patient. 


A Textbook of Clinical Neurology. lv Israel 8S. Wechsler. Ed. 7. Philadelphia, 1952, 
W. B. Saunders Company. 


Most neurological conditions are at least briefly discussed in this textbook of 
neurology. It is concise and clear. The opinions of the author are for the most part posi- 
tive and well stated. It is obvious that the author has supplemented an extensive ex- 
perience with extensive reading of neurological literature. 

There are some portions which are not consistent with current neurological and 
neurosurgical opinion and practice. To cite two examples: 

The author states that spinal puncture is dangerous in tumors of the posterior fossa, 
but does not seem to appreciate the fact that one may also produce herniation at the 
tentorial notch when the space-displacing lesion is supratentorial. 

Herniated intervertebral dise is little more than mentioned under cord tumors and 
again under sciatica, and some of the statements made are not consistent with current 
opinion concerning intervertebral dise diagnosis and treatment. 

In general, this is a valuable reference for a brief discussion of most neurological 
conditions. It will be very valuable to the medical student and general practitioner or 
anvone who wishes a quick reference to the common neurological disorders. 


Diseases of the Knee. By Anthony F. DePalma. Pp. 840. Philadelphia, 1954, J. B. 


Lippineott Company. $20.00, 


This is an imposing volume of some 840 pages, well printed, well illustrated, and well 
priced ($20.00). Readers expecting to find nuggets of information will be disappointed to 
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find only a huge pile of ore, unconcentrated and unrefined. This amorphous mass of 


material forms a vast compendium of information about the knee and its adjacent strue- 


tures, an indefinite area which extends far enough in all directions to account for the 
inflation of the volume to majestic proportions. The exercise of such editorial restraint in 
other areas may produce companion volumes on the elbow, the wrist, or perhaps the first 
metatarsal-phalangeal joint, of at least 500 pages. 


The limitations of the regional approach are most apparent in the section entitled 
Bone Neoplasms in the Region of the Knee Joint. It is difficult to understand how the 


diagnosis and treatment of multiple myeloma, metastatic bone disease, and primary bone 
tumors ean be discussed properly in relation to their incidence in a circumscribed area. 


The author and the publishers have missed a real opportunity to provide the praeti- 


tioner and the specialist with a concise and well-organized monograph on the diagnosis and 


management of injuries and diseases of the knee. By using the eneyvelopedic approach, 


they have produced a work of prolixity rather than profundity. 


Die Bewegungsbestrahlung. By F. Wachsmaun and G. Barth, University of Erlangen. 
Pp. 192, with 124 illustrations. Stuttgart, 1953, Georg Thieme Verlag, Agent for 
U.S. A.: Grune & Stratton, Inc., New York, N. Y. 


Radiation therapy entered a new era with the introduction of the moving beam, 
That is the main theme of the authors. After a brief discussion of the conventional 


irradiation of malignant tumors, the authors give a historical review of moving-beam 


therapy, tracing the earlier ideas back to 1906. Sporadie attempts to utilize these ideas 


were carried out by a few investigators, but the method was not definitely established 


until about 1940. The technical and physical factors involved in moving-beam therapy 


in general are discussed, and the material is then subdivided into three parts: (1) Rota 


tion Therapy, which is defined as rotation of the patient around a vertical axis with the 


tube stationary and the beam horizontal (or only slightly tilted). Emphasized as ad- 
vantages of this method are (a) the simple construction of the apparatus involved and 


(b) the possiblility of centering the beam on the tumor by means of fluoroscopy. (2) 


Pendulum or Are Therapy, with the patient in a fixed position, usually supine, and the tube 


moving around a horizontal axis which passes through the center of the treated volume. 


The same effect is obtained as with rotation therapy if the tube moves in a complete 


circle. It is, however, possible to make the tube perform a periodic motion over any 


decided length of an are, and this offers certain advantages. (3) Convergent Beam 
Therapy is characterized by a two-dimensional motion of the tube and the beam, while 
the previously discussed methods were limited to a linear motion. The mechanical arrange- 
ment is carefully designed so that the tube moves in a spiral over a spherical surface 


while the beam is centered continuously on the same point and the dose becomes even over 
the entire irradiated skin area. 


The authors emphasize that moving-beam therapy differs in principle from ordinary 
x-ray therapy with “crossfiring” and that it is an entirely new method which must be 
carefully considered and studied before applied by a radiologist. The skin dose is usually 
insignificant and is not used for any calculations. The tumor dose is determined by means 
of special isodose charts which must be available and are based on special measurements 
in a “phantom.” The slight influence of the half-value layer and of the target-skin dis- 
tance on the tumor dose is emphasized, as is the curious consequence of the method that 
the skin dose is smaller at the part of the body which comes closest to the tube during 
rotation. The physical foundation is well presented, and the advantages which the 
different methods offer from a physical point of view are stressed. The brief summary of 
the important points at the end of each chapter is very helpful, but it seems that there 
is unnecessary repetition of many statements in the text. 


The authors are very enthusiastic about these relatively new therapy methods, but 
they have little to offer in regard to proofs of superior results. The biologie behavior of 
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malignant tumors is complicated, the spread of the disease is devious and erratic, and the 
response of the organism as a whole and the tissues surrounding the tumor, in particular, 


is of great importance. It is, therefore, necessary to base the success of a therapy method 


upon careful statistical analysis. As yet, not enough published results are available to 
permit a satisfactory estimate of the value of the new methods or even to establish that 
they are at all superior to the old multiple-field method, carefully utilized and with the 
availability of radiation in the multimillion-volt range. The physical advantages of super 
penetrating rays are emphasized in the book, which also contains a chapter devoted to 


the use of such radiation in moving-beam therapy as carried out by Trump and Hare. 
Emphasis is made on the fact that the type of therapy and the dose have to be modified 
to suit the individual patient. Satisfactory results and avoidance of severe morbidity can 
be obtained only by continued observation of the patient during the course of treat- 
ment. The modification of the therapy has to be based on observed reactions in accord- 
ance with sound clinical experience and judgment. This must be the fundamental re- 


quirement for any therapy which is primarily empirical. 

The book is a welcome addition to the radiologist’s library, and it supplies in- 
formation which is much needed and difficult to find. Moving-beam therapy will be used 
extensively, and it is important to know its fundamental aspects. This is the first compre- 
hensive volume dealing with the different methods, explaining the physical characteristics 


and supplying measurements and charts, 


The Breast in Roentgen Diagnosis. Ky Raul A. Leborgne, M.D., head of the Radiologic 
Department of the Instituto de Radiologia y Centro de Lucha Contra el Cancer- 
Hospital Pereira Rossell, English translation by Luey Crocker de Leborgne. Pp. 194, 
with 307 figures. Montevideo, 1953, Impresora Uruguaya, 8S. A. 


The objeet of this monograph is to show the value of roentgenographic examination 
in the diagnosis of breast lesions, especially caneer. Plain radiography has a wide ap- 
plicability and is especially useful in all cases of palpable tumors. The use of contrast 
mammography, on the other hand, is more restricted, and is principally indicated in cases 


of bleeding from the nipple without palpable tumors. 

The work is amply illustrated with photographs, roentgenograms, photographs of 
gross specimens, and photomicrographs. It is an excellent presentation of the details 
of roentgen diagnosis and their equivalents in pathology. The usefulness of the procedure 
is questionable. Physicians of experience in this field usually can determine, by history 
and physical examination, which patients should have biopsy. It is doubtful whether the 
roentgen findings are sufficiently conclusive to make biopsy unnecessary. Possibly there 
are cases where the physician may be in doubt as to whether there is actually a nodule 
present in the breast. In such cases, a simple roenetgenogram of the breast or possibly 


contrast mammography might show the presence of a lesion. This would of necessity be 


followed by biopsy to determine the final procedure. 


Die Wirbelsiulentuberkulose und ihre Differentialdiagnose (Tuberculosis of the Vertebral 

Column and Its Differential Diagnosis). (In German.) By Priv. Doz, J. E. W. 
Brocher, Geneva. Pp. 272, with 376 figures. Stuttgart, 1953, Georg Thieme Verlag, 
Agent for U.S. A.: Grune & Stratton, Inc., New York, N. Y. DM 78. 


Approximately one-third of this almost atlas-type monograph is devoted to tubercu- 
lous spondylitis. This ineludes discussion of pathogenesis, symptomatology, laboratory 


studies, roentgenologic findings, special forms of tuberculous spondylitis, prognosis, and 
treatment. This is followed by sections on nontuberculous infectious spondylitis, 
spondylitis ankylopoietica, Scheuermann’s disease, vertebral fusion, separation of edges of 
the vertebral bodies, anomalies, osteochondrosis, demineralizing diseases, destructive 
metastatic lesions, and primary tumors of the vertebral column. The final major section 
consists of various aspects of differential diagnosis of vertebral lesions. 
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Tuberculous spondylitis follows pulmonary or hilar nodal tuberculosis in most cases, 


After a latent period of about six months to two vears, hematogenous or lymphogenous foei 
are formed in the anterior portion of a vertebral body, after which destruction of an 
adjacent intervertebral dise and involvement of the juxtaposed vertebral body oeceur, 
Phases of destruction, healing, and fusion may be followed suecessively. Paravertebral 
inflammation, and later calcification, are common. Pronounced destruction of one or more 
vertebral bodies leads to gibbus formation. 

Heavy reliance is placed on roentgen examination in the diagnosis and following of 
the lesions. The diseases mentioned in differential diagnosis are also presented with stress 
on roentgen findings. 

This monograph represents a rather comprehensive analysis of a condition of con- 
siderable interest to the phthisiologist, orthopedist, and radiologist. 


Lehrbuch der Rontgendiagnostik (Textbook of Roentgen Diagnosis). (In German.) By 
H. F. Sehinz, W. E. Baensceh, E. Friedl, and E. Uehlinger. Ed. 3d. S. Lieferung, 
constituting the last section of the fourth and final volume. Pp. 455, with 559 
figures. Stuttgart, 1952, Georg Thieme Verlag, Agent for U. S. A.: Grune & 
Stratton, Inc., New York, N. Y. DM 96. 


This eighth lieferung or section completes the fourth volume of the fifth edition of this 
outstanding textbook of roentgen diagnosis, edited by four distinguish continental radiologists 


with numerous contributors. Roentgen diagnosis of the colon, liver, biliary system, spleen, 
pancreas, adrenals, urinary tract, generative organs, and pregnancy is considered in detail. 
An extensive bibliography is cited after each of these divisions. Anatomic and pathologie 
bases for roentgen interpretation are thoroughly presented. 

A critique of this section, as of the preceding sections, would entail extensive discussion 
within itself. Suftice it to say that this completes the most thorough textbook presentation 
of the field of roentgen diagnosis. For most Americans the English translation will be of 
more practical value. 


Basic Medical Physiology. By W. B. Youmans, professor of physiology, University of 
Wisconsin, Madison. Chicago, 1952, The Year Book Publishers, Ine. 


Professor Youmans has written an excellent book pertaining to the basie dynamie 
functional aspects of medicine. Owing to the refreshing stvle in construction which makes 
for ease of rapid reading, the author has readily fulfilled his objective of presenting an 
up-to-date review of physiology. Every consideration has been made to assure adequate 
understanding of the interrelated effects of various organs including well-chosen diagram 
matic illustrations, exemplifying cause and effect relationships. A choice presentation of 
normal and pathologic variations renders a vivid portrayal of the clinical applications 
of physiologic changes. Broad coverage is adeptly provided with emphasis upon the 
mechanisms of circulation, respiration, digestion, and kidney function. The book is prop 
erly balanced with 75 per cent of the presentation direeted at the previously mentioned 
vital physiologic modalities. The currently accepted theories receive adequate explana- 
tion with cursory reference to the controversial issues which give proper emphasis for 
appreciation of the basie concepts. 

A concise bibliography is available for the reader interested in further detailed 
descriptions of specifie functions of the human organism. 

In summary, this monograph is an excellent physiologic review placed before the 
medical profession by a widely experienced and thoughtful author. 


Sympathikus Chirurgie. By Prof. Dr. Paul Sunder-Plassmann. Pp. 162. Stuttgart, 1953, 
Georg Thieme Verlag, Agent for U.S. A.: Grune & Stratton, Ine., New York, N. Y. 
The author’s experience of the past twenty-five vears is summarized in this mono- 


graph. About one half the book deals with microseopie and gross anatomy of autonomic 
nerves, and with a rambling and philosophical discussion of their functions. 
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In the remaining half of the book the clinical aspects of surgery of the sympathetic 
nervous system are presented. The author’s laboratory and case records were lost when 
bombed during the war, and perhaps partly for this reason, specific data on numbers of 
patients treated and follow-up data are seldom given. However, there were 510 patients 
operated on, with two deaths. Of these, forty-one had a supradiaphragmatie sympathec- 
tomy and splanchnicectomy (after Peet) for hypertension, with one operative death. The 
remaining patients had peripheral vascular disease and other, for the most part con- 


ventional, indications for sympathectomy. 
About twenty pages are devoted to operative technique. References are almost 


exclusively to the German literature. 
The author’s principal emphasis is on conscientious indications for surgery, based, 


in many instances, on the effect of preliminary nerve block with local anesthesia. 


Oclusion Intestinal. By Owen H. Wangensteen, B.A., M.D., Ph.D., professor of surgery of 
the University of Minnesota and Surgeon-in-Chief of the University of Minnesota 


Hospitals. Buenos Aires, 1953, Lopez & Etchegoven, 8. R. L. 


This is the first translation into a foreign language of the second edition of the 


Wangensteen monograph, Jnfestinal Obstruction, which was published in 1942 by Charles C 


Thomas, Publisher, Springfield. The Spanish translation made by Dr. Clemente J. L. 


Morel, associate professor of surgical pathology, School of Medical Sciences, Buenos 


Aires, Argentina, is clear and accurate. 
Added to the book is a new preface by the author, as well as an appendix. The 
content of the latter is derived from a paper read by Dr. Wangensteen before the Four- 


teenth Annual Meeting of the Gastro-enterological Society of North America. In this he 


treats the modern aspects of acute intestinal obstruction, with emphasis on diagnosis, 
decompression, and surgical intervention. Also ineluded in the appendix are interesting 


discussions that followed the presentation of this paper. 


Confrontations Radio-Anatomo-Cliniques. Published under the direetion of M. Chiray, 
R. A. Gutmann, and J. Seneque. Fascicle V. Pp. 70, with 134 figures. Paris, 1954, 


Masson & Cie. 


The history, physical findings, and clinieal course of several patients are described. 
The essential roentgenograms are reproduced. All the cases reported present some 


pathologie change in the gastrointestinal tract. The cases reported inelude such condi- 
tions as obstruction of the esophagus by foreign body, hiatus hernia, gastritis, gastric 
schwannoma for neuroma, gastrie carcinoma, and various disease of the small bowel and 


This book is essentially a collection of case reports, and this should be considered 


colon, 
by anvone who might contemplate purchasing the volume. 
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Correspondence 


Hydatid Disease. Some Criticisms and Comments 
To the Editor: 


The article “Hydatid Disease” by Professor Y. Jidejian under the heading “Recent 
Advances in Surgery” in the July, 


1953, JOURNAL contains some statements and opinions 
that should not pass unchallenged when they are expressed so authoritatively. There 
will probably be general agreement on most of his paper, and this reply deals only with 
controversial points. 


1. There is still much confusion about the names of the different layers that compose 
the parasite and its surroundings. The parasite itself consists of two layers enclosing 
the hydatid fluid. These layers are the ectoecyst (laminated layer) and the endocyst 
(germinal layer). The ectocyst is not the layer produced by the host in response to the 
presence of the parasite; this layer is the pericyst or adventitia. 

2. The hydatid fluid contains about 0.6 per cent of sodium chloride, not 
by Professor Jidejian. 


5.5 as stated 


3. A ealeified cyst is not always dead; usually it is, but sometimes a calcified cyst 
does contain live seolices. 

4. Although Professor Jidejian with his great experience favors a two-stage opera- 
tion for simple cysts of the liver, I and most Australasian surgeons prefer a one-stage 
operation. 

5. I do not agree that cysts on the upper surface of the liver are best approached 
through the chest. Most of them are best attacked through the abdomen, and the thoracic 
approach should be reserved for those that are not accessible through the abdomen and 
for those that have already ruptured into the thorax. 


6. Lobeectomy is very rarely necessary for a simple cyst of the lung, however large. 
In my experience it has been necessary only for some complication, such 
hemoptysis following infection. 


as recurrent 


7. I fully agree that no attempt should be made to dissect the adventitia from the 
depths of the liver. But with a pulmonary cyst it is usually easy and safe to remove the 
cyst and adventitia together, or to remove the parasite first and then the adventitia 
separately. If the aim is to remove the parasite intact, it is better to take the adventitia 
with it, as there is less chance of the cyst rupturing and no cyst space is left to be a 
possible source of later trouble. 

—M. P. Susman 


Sydney, Australia 
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